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MEASURING URBAN SPRAWL IN KALAMAZOO REGION:
A LAND COVER APPROACH
Olena I. Smith, M.A.
Western Michigan University, 2002
Urban sprawl is a common American problem that has continued unabated
throughout the last six decades. The pattern of urban sprawl in many metropolitan
areas of Michigan is typical for much of the United States. Urban sprawl has been
recognized as a major social problem in Michigan since the beginning of the 1990's.
However, few studies measure urban sprawl by utilizing land cover information.
This research is a temporally comparative study that concentrates on changing
patterns of "land cover" (the way land is covered by natural or human activities) from
1978 to 1996 in Kalamazoo, Michigan. The study focuses on nine townships within
Kalamazoo County. The city of Kalamazoo is at the center of this region and is the
core from which urban sprawl has been expanding outward. This research utilizes
detailed aerial photographic classified land cover information for 1978 and 1996.
GIS analysis was utilized to subdivide the region by zones of proximity to estimate
the areas of each land cover type. Two types of proximity zones were created - one
from the center of the city of Kalamazoo and another along the arterial roads.
The study supports the contention that a land cover analysis approach can be
used to define urban sprawl at lower level than the parcel studies which one typically
calculate.

TABLE OF CONTENTS
ACKNOWLEDGMENTS..................................................................................

11

LIST OF TABLES .............................................................................................

VI

LIST OF FIGURES............................................................................................

Vlll

CHAPTER 1........................................................................................................

1

I NTRODUCTION .................................................................................................

1

Organization of the T hesis .......................................................................

6

CHAPTER II.......................................................................................................

8

LIIBRATURE RIVIEW / A BRIEF HISTORY OF URBAN SPRAWL.............................

8

CHAPTER III .....................................................................................................

18

MEIBODS/ PROCEDURES...................................................................................

18

Problem Statement...................................................................................

18

Study Area...............................................................................................

19

Hypothesis...............................................................................................

21

Purpose Statement/ Objective ............................................................ ......

22

Data.........................................................................................................

23

Research Design I Methodology ..............................................................

24

CHAPTER IV ............................................................................................... ......

28

A BRIEF HISTORY OF KALAMAZOO REGION.......................................................

28

CHAPTER V ........... .............................................................. . ................ ............

41

lll

Table of Contents - Continued

RESULTS...........................................................................................................

41

Exploration of the General Pattern of Land Cover Distribution in the
Study Area...............................................................................................

42

General Pattern of Developed, Greenfield, and Non-Developed Land
Cover Categories from the Kalamazoo City Center..................................

44

Land Cover in Distance Zones From the Kalamazoo City Center.............

46

Land Cover in Transportation Corridors...................................................

53

Land Cover Change in the Distance Zones: 1978 - 1996..........................

60

CHAPTER VI..................................................................................................

65

STATISTICAL ANALYSIS ....................................................................................

65

A Correlation Test Comparing Land Cover Categories of 1978
with 1996 in the Whole Study Area .........................................................

66

A Correlation Test of Land Cover Categories Comparing the Three
Distance Zones for 1978 and 1996 ...........................................................

66

Correlations of Land Cover Categories for Transportation Corridors
and the Area Outside of The Corridors for the Whole Study
Area: 1978 and 1996................................................................................

68

A Test of Correlation for Ranks of Land Cover Categories by
Transportation Corridors, for Lands Outside of The
Corridors, and the Distance Zones for 1978 .............................................

70

Correlation Tests for Land Cover Category Ranks for Transportation
Corridors and Land Outside the Corridors by Distance Zones in 1996......

74

Hypothesis: Accept or Reject?.................................................................

77

CHAPTER VII....................................................................................................

79

CONCLUSION ....................................................................................................

79

lV

Table of Contents - Continued
Limitations of the Study ..........................................................................

80

Future Studies..........................................................................................

81

APPENDIX ............................................................ :............................................

82

BIBLIOGRAPHY...............................................................................................

102

V

LIST OF TABLES
1. Land Cover Change in Distance Zones, Kalamazoo Region:
1978 - 1996 (area in acres) ..............................,............................................

61

2. 1978 and 1996 Spearman's Rank Correlation Coefficients for
Land Cover Categories in The Distance Zones. .............................................

67

3. Spearman's Rank Correlation Coefficients for Land Cover
Categories in Transportation Corridors and Outside the
Transportation Corridors in Study Area: 1978 and 1996................................

69

4. 1978 Spearman's Rank Correlation for Land Cover Categories by
Transportation on Corridors and Land Cover Categories Outside
of the Transportation Corridors Within Distance Zones................................

72

5. 1996 Spearman's Rank Correlation for Land Cover Categories by
Transportation Corridors and Land Cover Categories Outside of the
Transportation Corridors Within Distance Zones...........................................

76

6. 1978 Land Cover Areas in Kalamazoo Region................................................

82

7. 1996Land Cover Areas in Kalamazoo Region.................................................

85

8. 1978 Ranks of Percentage of Land Covers From the Total Land
Cover in Study Area......................................................................................

87

9. 1996 Ranks of Percentage of Land Covers From the Total Land
Cover in Study Area......................................................................................

87

10. 1978 Kalamazoo Region Land Cover by Acreage Within
Proximity Zone from the Center....................................................................

88

11. 1996 Kalamazoo Region Land Cover by Acreage Within
Proximity Zone from the Center....................................................................

90

12. 1978 Land Cover Ranks Within 0 to 3 Mile Zone from
Kalamazoo City Center.................................................................................

92

13. 1996 Land Cover Ranks Within Oto 3 Mile Zone from
Kalamazoo City Center.................................................................................

92

VI

List of Tables - Continued
14. 1978 Land Cover Ranks Within 3 to 6 Mile Zone from
Kalamazoo City Center.................................................................................

93

15. 1996 Land Cover Ranks Within 3 to 6 Mile Zone from
Kalamazoo City Center.................................... .· ............................................

93

16. 1978 Land Cover Ranks Within 6 to 9 Mile Zone from
Kalamazoo City Center.................................................................................

94

17. 1996 Land Cover Ranks Within 6 to 9 Mile Zone from
Kalamazoo City Center.................................................................................

94

18. 1978 Land Cover in Transportation Corridors and in
Relation from the Kalamazoo City Center.....................................................

95

19. 1996 Land Cover in Transportation Corridors and in
Relation to the Kalamazoo City Center .........................................................

97

20. 1978 Ranks of Land Cover Within Transportation Corridors
and 3-Mile Zone from the Kalamazoo City Center.......................................

99

21. 1996 Ranks of Land Cover Within Transportation Corridors
and 3-Mile Zone from the Kalamazoo City Center........................................

99

22. 1978 Ranks of Land Cover Within Transportation Corridors
and 6-Mile Zone from the Kalamazoo City Center........................................ 100
23. 1996 Ranks of Land Cover Within Transportation Corridors
and 6-Mile Zone from the Kalamazoo City Center........................................ 100
24. 1978 Ranks of Land Cover Within Transportation Corridors
and 9-Mile Zone from the Kalamazoo City Center........................................ 101
25. 1996 Ranks of Land Cover Within Transportation Corridors
and 9-Mile Zone from the Kalamazoo City Center........................................ 101

Vll

LIST OF FIGURES
1. Land Development: Michigan vs. U.S. ............................................................

5

2. Farmland Loss: Michigan vs. U.S. (1950 - 1999) ...........................................

6

3. Study Area: Townships within Kalamazoo County ..........................................

20

4. Kalamazoo Region in 1874 .............................................................................

32

5. Percentage of Four Largest Land Cover Types from the Total Area
Within Nine Townships in Kalamazoo Region: 1978, 1996 ..........................

43

6. Percentage of Developed, Greenfield, and Non-Developed Land from
the Total Area Within the Zone: 1978, 1996..................................................

44

7. Kalamazoo Region Land Cover in Zones, 1978 ...............................................

47

8. Kalamazoo Land Cover in Zones, 1996 ...........................................................

48

9. Percentage of Land Cover Types Within Oto 3 Mile Proximity Zone in
Kalamazoo Region: 1978, 1996. ...................................................................

50

10. Percentage of Land Cover Types Within the 3 to 6 Mile Proximity
Zone in Kalamazoo Region: 1978, 1996........................................................

51

11. Percentage of Land Cover Types Within 6 to 9 Mile Proximity
Zone in Kalamazoo Region: 1978, 1996........................................................

53

12. Kalamazoo Region Land Cover in Transportation Corridors, 1978 ................

55

13. Kalamazoo Region Land Cover in Transportation Corridors, 1996 ................

56

14. Percentage of Total Developed and Greenfield Land Cover Area in
Transportation Corridors From the Total Land Area: 1978, 1996 ..................

57

15. Percentage of Land Cover Categories in Transportation Corridors From
the Total Land Cover of the Same Type: 1978, 1996.....................................

58

16. Percentage of Residential Land Cover in Transportation Corridors
From the Total Land Cover in Proximity to City Center: 1978, 1996.............

59

Vlll

List of Figures - Continued
17. Land Cover Change in Kalamazoo Region: 1978 - 1996................................

62

18. Land Cover Change in Distance Zones: 1978 - 1996.....................................

63

lX

CHAPTER I
INTRODUCTION
"Urban sprawl- the unplanned, uncontrolled spreading of urban
development into areas adjoining the edge of a city. "
(The American Heritage Dictionary of the English Language, 2000)
Decades of urban growth have created urban sprawl extending beyond
suburban subdivisional developments in most U.S. cities. Sprawl has pushed all
activities such as housing, population, and jobs into the suburbs and beyond.
Recently, the National League of Cities reported that approximately half of the 393
mayors surveyed referred to development in their communities as "sprawling"
(Robinson, 1999).
People choose to live in peri-urban or rural environments for a variety of
reasons (Carver, 1998). Concerns about increasing crime, pollution, and traffic
congestion motivate urban residents to move to the countryside (Carver, 1998). At
the present time, over 60 percent of Americans live in suburbs (Bullard et al., 2000).
Moreover, if current trends hold, suburbs are predicted to account for 80 percent of
future metropolitan growth in the entire United States.
The characteristics of urban sprawl are commercial strip centers and shopping
malls along the highways, office parks, very low-density residential housing
subdivisions, and leap-frog land use patterns (Ewing, 1997). These urban
developments are consuming land faster than population is growing in many cities
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across the country. Moreover, in many cities more and more land is consumed by
sprawl while absolute population has actually declined (Bullard et al., 2000; Burgess
& Bier, 1998).
Issues related to urban sprawl not only draw the attention of planners and
environmentalists, but also politicians and commercial institutions. It is a known
problem at the federal government level. Former President Bill Clinton created
legislation which stated the creation of a $1 billion Land Legacy Initiative, which was
"the largest one year investment for land protection" (Baker, 2000, p. 28). In January
of 2000, then-President Clinton and Vice-President Gore "launched their "Liability
Agenda", a series of initiatives [intended] to curb urban sprawl and promote [better]
quality of life" in U.S. cities (Baker, 2000, 28). In addition, some commercial
"institutions like Bank of America (which has huge stake in construction loans)
sponsored reports attacking the economic costs of continuing to convert
underdeveloped land into low-density track housing and strip malls" (Longman, April
27, 1998, p.22).
Many American planners are concerned about the social and environmental
costs of sprawl (Bullard et al., 2000; Ewing, 1997; Rusk, 1993; Stephenson & Speir,
2002). The point is that eventually "all Americans pay for sprawl with increased
health and safety risks, worsening air and water pollution, urban decline, disappearing
farmland and wildlife habitat, racial polarization, city/suburban disparities in public
education," (Bullard et al., 2000) longer commutes, lack of affordable housing, and
the general erosion of community.
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Sprawl increases traffic congestion on streets and highways. "Twenty-five
percent or more of urban land area is devoted to auto travel. From 1969 to 1990, the
number of vehicles increased six times faster than the U.S. population" (Fodor, 1999,
p.24). On average, Americans spend 443 hours per year behind the wheel. People
that live in sprawl-affected communities drive three to four times more as those that
live in compact, well-planned areas (Lovaas & Hulsey, 2001). The increasing
reliance on fossil-fuel personal transportation leads to lower air quality by
discharging more than 12 billion pounds of toxic chemicals each year in the United
States. This is almost 50 pounds per person. As a result, the air is becoming
increasingly polluted and this effluence is the biggest environmental cause of cancer
(Lovaas & Hulsey, 2001).
Urban sprawl consumes land very rapidly, destroying wetlands, farmlands,
and open space. In the United States, more than 100,000 acres of wetlands are lost
annually, largely because of new sprawling developments. This directly influences
the quality of water as wetlands remove up to 90 percent of the pollution in water.
Sprawl also leads to landscape and wild life habitat fragmentation. Furthermore,
sprawl wipes out more than one million acres of parks, farmlands, and open space
each year, turning such areas into strip malls and freeways (Lovaas & Hulsey, 2001).
The destruction of agricultural land alone in the United States claims
approximately a half a million acres annually (Fodor, 1999). The 1997 report from
the American Farmland Trust calculated that the country "is losing about 50 acres an
hour to suburban and exurban development. At this rate, the United States will lose
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13 percent of its prime farmland by the middle of the next century" (Longman, April
27, 1998, p.22). Losses of this magnitude could eventually result in the United States
becoming a food importer.
In Michigan, the same general patterns characterized by the United States for
urban sprawl are also easy to observe. Furthermore, Wyckoff (1991) believes that
"sprawl is Michigan's public enemy# 1." According to Wyckoff (1991), sprawl's
impact is felt statewide with its extensive network of freeways and advanced
communication. Moreover, Michigan is found to be second in the U.S. for the
number of second homes (223,549 homes in 1990) (Dempsey, January, 1994).
However, Figure 1 demonstrates that Michigan had slightly slower land development
rates than the nation's average (Staley & The Mackinac Center for Public Policy,
2001).
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Figure 1. Land Development: Michigan vs. U.S. (Staley & The Mackinac Center for
Public Policy, 2001)
Michigan reportedly lost "more than 1 million acres of farmland in the last 15
years since 1982, slipping to 9.87 million areas in 1997" (Skjaerlund, February 1999).
Also, between 1982 and 1997 the State of Michigan has lost over 53% of its total
cropland (not including woodlots and pasture land) (Skjaerlund, February 1999).
Nevertheless, Staley (2001) indicates that Michigan trends in farmland loss are
similar to the national trends (Figure 2).
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Figure 2. Farmland Loss: Michigan vs. U.S. (1950 - 1999) (Staley & The Mackinac
Center for Public Policy, 2001)
According to Rusk (1998), there are two major factors in the Kalamazoo
region that demonstrate urban growth patterns in typical America's metro areas. One
of those is sprawl. In Kalamazoo region, "urban sprawl consumes land two and half
times as fast as growth rate of urban population" (Rusk, 1998).
This study will concentrate on urban sprawl expressed as changes in land
cover from 1978 to 1996 in nine townships of Kalamazoo County, Michigan. The
area under study is 324 square miles with Kalamazoo city in the center as the core
from which urban sprawl originated.
Organization of the Thesis
This thesis will incorporate six chapters. In Chapter II, I present the literature
review and a brief history of urban sprawl. Background information on the history of
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urban spraw 1 and some of the different techniques that have been used to research
urban sprawl are also discussed in this chapter.
Chapter III presents a description of the methods and procedures used in the
study. In this chapter, the problem statement, the objectives, and hypothesis are
presented. The study area of the project is also introduced. A description of the data
and the methodology used in the research can be found in this chapter as well.
Chapter IV focuses on the history of Kalamazoo region. This chapter contains
information on the city's growth and economical development of the region as the
foundation for urban sprawl. To understand current patterns of land use and land
cover, an understanding of the past is essential.
Chapter V and Chapter VI, the core of the thesis, contain a detailed
examination and statistical analysis of land cover for 1978 and 1996. In the chapters,
the findings of the research using land cover analysis to assess changes and patterns
of change in the area from 1978 to 1996 are presented.
Chapter VII presents the conclusion of the study. In addition, this chapter
contains some recommendations for the Kalamazoo County to decrease urban sprawl
in the future. This chapter also includes discussion on the limitations of the project
and possible areas for future research.

CHAPTER II
LITERATURE RIVIEW / A BRIEF HISTORY OF URBAN SPRAWL
"Urban America became Suburban America"
(Rusk, 1993, p. 8)
For over 150 years, people in America were moving from farms and foreign
lands to urban areas throughout the country. They were seeking better jobs, schools,
and services or simply said, a "better life" (Knox, 1995). However, time brings new
technologies and a variety of innovations that shifted the habits, selections, and
opinions of the American people. In the past 60 years, many changes have occurred
in the urban-rural life style continuum of the people in the United States.
At the present time, the urban landscape of the country represents a variety of
land covers and uses. These differences are reflected in the processes of change with
respect to the cultural, political, economic, and environmental conditions facing
Americans. However, over time some patterns and similarities are clear (Bowen &
Kimble, 1997). The general pattern of urban landscape change reflects the movement
of population from the core of the city to the fringe (Carver, 1998). This movement
"began, it seems, almost as soon as the urban core was formed" (Bowen & Kimble,
1997, p.4).
The first phase of urbanization began in the early decades of the twentieth
century as a result of "industrial capitalism" (Knox & Agnew, 1994). In the 1920's,
the American industrial city grew very developed and organized. Millions of
8
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immigrants lived in large urban areas, conveniently within a short distance to their
workplaces. Consequently, American urban cities were becoming increasingly
crowded, and cities began to overgrow their areas (Bowen & Kimble, 1997).
"In the 1920s, for the first time, suburbs grew much faster than central cities"
(Bowen & Kimble, 1997, p.5). One of the reasons was the appearance of the
automobile but another important, if overlooked, reason was the availability of
electricity. The availability of electricity allowed land availability "at such an
affordable price that residential areas known as streetcar suburbs began to appear
around city after city" (Bowen & Kimble, 1997, p.5).
America was a pioneer in auto technological change. Since this
transformation, America was the only nation "that could boast mass car ownership.
By 1927, [America was] building 85 per cent of the world's cars" (Hall, 1996, p.
275). By the mid-1920s, America was as "automobilized" as "the rest of the world
would not know until the 1950 and 1960s" (Hall, 1996). By 1923, in some U.S.
cities, traffic congestion was already heavy, consequently, discussions took place
regarding restricting cars from streets (Hall, 1996).
Between the years 1920 and 1930, suburbs were expanding at twice the speed
of central city growth. Families wanted to fulfill a desire to escape urban life without
losing the privilege of the economic and cultural benefits of the city (Hall, 1996).
However, the Great Depression in America significantly cut new housing initiatives.
Between 1928 and 1933, as much as 95 percent of new home construction stagnated,
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causing a massive number of mortgage foreclosures. Only after World War Two
would the industry completely recover (Hall, 1996).
In the period from the late 1930' s to 1941, little changed as the economy
slowly regained pre-depression levels. Towards the end of World War Two, the
country still consisted "of inner cities with no outer' cities", but the suburban
movement had already started (Bingham, 1997; Rusk, 1993). War-oriented industries
had drawn millions of people from the farms, villages, and towns to the urban cities
to work in centrally located factories.
After World War Two a suburban building boom created a kind of Broadacre
City all over America, but entirely divorced from the economic basis. In the
late 1940s and the 1950s, thousands of square miles of American farmland
disappeared under it; .... But the people who moved into the new tract homes
typically owed their living to those very mammoth corporations... ; their
homes were mortgaged to giant financial institutions ... (Hall, 1996, p.290)
According to Hall (1996), there were four main reasons for this post-war
suburban boom. First, there were "new roads, to open up land outside the reach of
the old trolley and commuter rail routes, zoning of land uses, to produce uniform
residential tracts with stable property values" (Hall, 1996, p. 291). Second,
"government-guaranteed mortgages, made possible long-repayment low interest
mortgages that were affordable by families of modest incomes, and a baby boom, to
produce a sudden surge in demand for family homes where young children could be
raised" (Hall, 1996, p. 291). Third, the "cheap long-term housing finance [was
reformed] ... until the 1930s, the typical American mortgage was only for five or ten
years at 6 or 7 per cent interest: a ruinously high burden for the average family" (Hall,
1996, p. 293). Also, among the factors that pulled development away from the city
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was the availability of open space, the desire of people to live in low-density
community, the quality of education (new areas have benefits of a new tax base), and
also the overall quality of life away from urban areas (Hall, 1996).
With the 1950's came the rapid expansion of the U.S. highway system and the
beginning of "freeway suburbanization", which started in 1956 with the Federal Aid
Highway Act (Hall, 1996). Highways allowed Americans working outside their
neighborhood to reach their work without entering the city for the first time in history
(Bingham, 1997; Gottmann, 1961). The affordability of the automobile and the
expansion of highway system together overwhelmed any other transportation system
(Gottmann, 1961). As a result, while suburban sprawl was a reason for increased car
ownership, in turn the automobile allowed suburbs to develop and grow further.
By the 1950, the suburbs were found to be growing at ten times the rate of the
central cities; by 1954, it was estimated that in the previous decade 9 million
people had moved into the suburbs. The 1950s, as the 1960 Census showed,
was the decade of greatest suburban growth in American history: while the
central cities grew by 6 million or 11.6 per cent, the suburbs grew by a dizzy
19 million, or by 45.9 per cent. And ominously for the first time, some of the
nation's greatest cities recorded actual population decline: Boston and St
Louis each lost 13 per cent of their population. (Hall, 1996, p. 294)
Evidently, in the 1950's American middle-class families that lived in the large
and medium cities received an offer they could not refuse - the "American Dream".
"Sustained economic growth, cheap home mortgages, affordable private cars, and
federally subsidized highways - all touted on big screen and small - made that dream
house with its own yard, quiet neighborhood, ... and nearby shopping possible for
millions of families" (Rusk, 1993, p.7-8). "Suburbia was a good bargain" for
American people and "Urban America became Suburban America" (Rusk, 1993, p.8).
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Since the 1950's, the U.S. economy has grown dramatically and a growing
number of people have preferred to live and/or work in rural surroundings (Carver,
1998). Together with the growth of the automobile industry between 1920 and 1940,
the automobile itself was the main resource for moving the rural population of
America to urban centers. "Ironically, the automobile in the 1960s, 1970s, 1980s, and
1990s has become the primary means by which Americans are moving back from the
urban centers to the rural parts of the country" (Henderson, 1997, p.106). American
cities were expanding and spreading out into the countryside as the population grew.
However, not much attention was dedicated in social science research to the issue of
urban sprawl and the term "sprawl" did not appear until 1960.
One of the earliest uses of the word "sprawl" in terms of land use was
in a 1937 speech by Earle Draper, then a director of planning for the
Tennessee Valley Authority: "Perhaps diffusion is too kind of word. ... In
bursting its bounds, the city actually sprawled and made the countryside
ugly..., uneconomic [in terms] of services and doubtful social value" (Planners
Commissioner Journal, 2001).
The first scholar who identified the phenomenon as "sprawl", using
this term, was the French geographer Gottmann in his book Megalopolis
(1961). He wrote, a crucial study in the history of sprawl, based on the
metropolitan centers of the U.S. for the Twentieth Century Fund. Gottmann
introduced the term "sprawl", which since become a standard entry in
dictionaries (Gottmann & Harper, 1990). Gottmann "endeavored to analyze
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and understand the extraordinary dynamics that have created it, a place that
was a wilderness three century ago, the enormous and powerful concentration
of people and activities" (Gottmann, 1961). The research was a twenty year
long study of American urbanization. The study also gained the attention and
respect of the American public.
Gottmann (1961) focused on urban (metropolitan) areas as well as on the rural
areas of the northeastern seaboard of the United States. He looked at the history of
development in the United States as well as urbanization, and then analyzed
metropolitan growth patterns and predicted its trends. Gottmann identified the
uncontrolled shift of developing rural areas to urban life style as a concept of urban
sprawl.
Since the end of 1960' s to the present, growth of metropolitan areas,
sprawling cities, suburbanization, and related problems have been attracting
significant attention (Burgess and Bier 1998). The phenomenon of urban sprawl is
affecting most urban areas of United States, but in several different forms. For
example, in the Sunbelt area it is in part happening because of population growth,
"much as suburban growth has always been, but it is consuming proportionately more
land per person or households [then] in previous eras" (Burgess & Bier, 1998).
The situation in the Midwest is different. There is an observable decline of
the old traditional industrial cities, swamped by the nation's change to a post
industrial economy. These cities are losing their population to surrounding counties
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that contain some of the nations most productive farmland. At the same time, the
overall population of the region is stable or even declining (Burgess & Bier, 1998).
Rusk (1993) conducted a project comparing the total of population growth to
the growth in urban land in Ohio between 1960 and 1990. He found that Ohio's
population grew by 13 percent while urban land increased by 64 percent. This results
in a ratio of land use to population of 4.7, which is more than the national average
(Rusk, 1993). Burgess and Bier (1998) indicated that during the period from 1980 to
1990, the number of households in most major cities of Ohio declined while at the
same time more than 470,000 acres of farmland were converted to urban use.
Sprawl has been studied using different research techniques and
methodologies around the world. New software for remote sensing and geographic
information systems (GIS) opened additional opportunities for such researches abroad
and in the U.S. Srvastava (2000) applied remote sensing and GIS techniques in
monitoring urban growth in the Dhanbad District, India between 1974 and 1990. He
compared and analyzed thematic maps from 1990 with available maps for 1974. The
maps were obtained from remote sensing images. In this time frame, he found a 60
percent change had occurred in urban areas. This gives a growth rate of 4 percent per
year. The study indicated that the growth rate between 1974 and 1990 was much
faster than the growth rate between 1960 to 1970 (Srvastava, 2000).
Remote sensing data was also incorporated in a study in Bexar County, Texas
with San Antonio as the center (Kreuter et al., 2001). The objective of this study was
to determine whether LANDSAT MSS information could be utilized to quantify
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changes in land use change and ecosystem services due to urban sprawl in the study
area from 1976 to 1991. The established six land cover categories were limited in
scope, and the 80 by 80 meters spatial resolution was low, but provided "better broad
scale uniformity than finer resolution data and classification levels" (Kreuter et al.,
2001, p.335). The results of the research show that in the study area there was "a
decline in value of ecosystem services derived by affected land, [the study] also
showed that changes in the value of ecosystem services over time depend on the
interaction of changes in a various land cover types" (Kreuter et al., 2001, p345).
Also, most importantly for this project, the study confirmed that LANDSAT
information could be used to acquire rough estimates of changes in ecosystem value.
Ding and Bingham (2000) examined "the spatial evolution of population
distribution between decennial demographic surveys and 'analyzed the impact of
edge-city development on the urban landscape by combining GIS techniques and
economic models" (p. 839). The research hypothesized that "employment location
may not affect population growth at the same location within metropolitan area but
may have a strong influence on the adjacent area" (Ding & Bingham, 2000, p.840).
The results of the study showed that residential "development beyond edge cities
occurs in edge city areas located father away from older cores" (p. 852).
Zhang (2000) conducted research in the Chicago metropolitan region looking
at the effect of local and regional factors on attracting residential development from
1970 to 1996. He also and discussed possible impacts on community features of
sprawl. GIS was used to separate local factors from regional (location). The study
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found that socio-economic factors (household income, school quality, ethnic
composition) and housing stock-related factors are more important than spatial
related factors (transportation accessibility) with respect to a community's attraction
of new development. Also, there was little evidence that highways are direct
contributors to new residential development in fringe areas.
The findings include the fact that during the 1960s, Michigan lost 2.7 million
acres of farmland to developments. At this rate, "the state would run out ofI farmland
in 50 years" (Great Lakes Information Network). A study in Lansing indicated that
Michigan is losing 100,000 acres (more than 11 acres each hour) of farmland
annually and cities/towns are spreading out 800% faster than the population growth
(Ladd & Stoneman, 1998).
Dickason, Anderson, and Faul (1995) conducted a research project related to
land use in Kalamazoo County, Michigan, the location of this research. The study
focused on three 'survey' townships (Kalamazoo, Portage, and Schoolcraft) within
Kalamazoo County, Michigan. The study measured the change in land use between
1938 and 1978. This study researched stages of urban sprawl that were associated
with the first major wave of suburbanization after World War II (Dickason et al.,
1995). In this research, land use GIS coverages were used (classification derived
from air photos) while GIS was employed to calculate the changes in land use. The
results of the study supported the general pattern identified in the entire state of
Michigan.
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The research by Rusk (1998) indicates that Kalamazoo County has high rate
of I and development. He found that between 1960 and 1990, land consumption grew
two and half times faster that urban population. Nevertheless, Kalamazoo County is
still considered a "central city county", as it contains a large and identifiable urban
core and loss of people from urban areas between 1980 and 1995 was only 4.3%
(Mackinac Center for Public Policy, 1998).

CHAPTER III
METHODS/ PROCEDURES

Problem Statement
As a national issue, urban sprawl has been intensively studied using different
approaches and techniques. Satellite imagery provides an opportunity to study urban
sprawl on a large scale, but the resolution of the images does not allow the
exploration of the most detailed change (Kreuter et al., 2001; Texas A&T University,
2001). Alternately, sprawl could also be studied through the patterns of land
ownership (parcels), traffic patterns, and land use. However, few have tried to
measure the expansion of urban sprawl using a simple comparison and analysis of
detailed land cover classification for an area that has detailed data for previous years.
This current study concentrates on the changing patterns of "land covers" the way land is covered by natural or human activities. The difference between "land
use" and "land cover" is that land cover incorporates categories such as residential,
institutional, wetland, forest and other, while "land use" describes the principal use of
a parcel owned by an individual landowner as a whole. Therefore, such an individual
may own a part of wetland, forest, or lake that would be classified as "residential"
land use.
The current research is a temporally comparative study measuring change in
land cover from 1978 to 1996 in Kalamazoo County, Michigan. The scope of this
18
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research includes the portion of the Kalamazoo River Watershed, Kalamazoo County,
Michigan. This area covers nine survey townships within Kalamazoo County. The
city of Kalamazoo is the center of the study area and is the core from which urban
sprawl has been expanding outward. The research utilizes detailed aerial
photographic-classified land cover maps for 1978 and 1996 reflecting sprawl in the
modern era.
Study Area
This research is focused on the land cover change in the portion of Kalamazoo
County that is within the Kalamazoo River watershed. Kalamazoo County is located
in the southwest part of the state. The area under research includes nine of 16
"survey" townships within Kalamazoo County including: Kalamazoo, Comstock,
Richland, Alamo, Cooper, Oshtemo, Texas, Portage, and Pavilion townships. The
studied townships are contiguous and form a square area of 18 miles by 18 miles
(Figure 3).
The research area includes two major limited access highways: I-94 and U.S.
131 (Figure 3). Construction of these highways was completed in September of 1963
and "Kalamazoo, bisected by these two great thoroughfares, became the "Expressway
Crossroads of Southwestern Michigan"" (Massie & Schmitt, 1998). Highway U.S.131 cuts through the area from North to South just west of Kalamazoo. This route
links Kalamazoo County with the city of Grand Rapids (Michigan) and the Upper
Peninsula of Michigan to the North and state of Indiana to the South. Interstate I-94
crosses study area from East to West, connecting Kalamazoo County with larger
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Figure 3. Study Area: Townships within Kalamazoo County,
Michigan
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cities like Detroit, Michigan to the East and Chicago, Illinois to the West. The
assumption is that both of these highways play important roles in Kalamazoo's urban
development and also contribute significantly to urban sprawl in the region.
The city of Kalamazoo is located in the center of the study area. It is the
largest city in the county. As such, Kalamazoo City is the core from which urban
sprawl has been expanding outwards.
Hypothesis
The basic research hypothesis is that urban sprawl is evident in the Kalamazoo
Region and can be identified through the analysis of digital land cover data. To test
such a hypothesis, two sub-hypotheses are used. The first sub-hypothesis is that over
time, urban sprawl is spreading out from the core of Kalamazoo City to the fringe
while the central city declines in importance. Second, transportation corridors will
influence the direction and extent of urban sprawl as most of the new developments
are constructed along the county/state roads and in proximity to limited access
interchanges along Interstate 94 and US 131.
The independent variables in the research are the land cover categories. The
dependent variables are the ranks of each land cover category in terms of total area.
The actual areas of land cover types among either zones or transportation corridors
are not directly comparable as the width of each distance zone is different. Therefore,
the area of each land cover type is used to derive the percentages of each land cover
from the total area within each distance zone or transportation corridor. Then, land
cover categories are ranked. A rank of "1" is given to the land cover category with
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the highest percentage. A rank of "2" is given to the land cover category with the
next highest percentage, etc.
A correlation test is utilized to assess whether there is a relationship between
the rank of land cover type categories in 1978 and those of 1996. Spearman
developed a test for calculating a product-movement correlation coefficient, now
known as Spearman's rho. This test is used when subjects are ranked (Pyrczak,
2002). Therefore, Spearman's Rank correlation analysis is used to determine if the
statistical correlations in this research are significant across land cover types. This
test is performed on the 13 ranked land cover types categories in all distance zones
and transportation corridors to analyze changes from 1978 to 1996. SPSS software is
employed to calculate the correlation coefficients and their significance for each test.
Purpose Statement/ Objective
The purpose of this study is to implement Geographic Information Systems
(GIS) techniques to create proximity buffers for two land cover maps and to use
descriptive comparison techniques to measure land cover changes in part to urban
sprawl in the Kalamazoo metropolitan region. GIS spatial analysis has subdivided
the region: (a) by zones of proximity to the metropolitan core, (b) by areas in speared
proximity to county roads, and (c) into zones based on proximity to limited access
highway interchanges.
More specifically, in terms of the "geography" of the project, three sets of
spatial comparisons will be investigated: (1) land cover change from the center of
Kalamazoo city (distance decay); (2) land cover change along county roads (buffer
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zone analysis); and (3) land cover change within limited access interchange (also
buffer zone analysis). In the research, I will measure urban sprawl by comparing land
cover maps for 1978 and 1996 within established proximity buffers.
The area that is being researched is slightly smaller than 254 square miles, of
which approximately 28 square miles are within 0-3 miles of Kalamazoo City Center.
Approximately 85 square miles are within 3-6 miles of the downtown, and about 170
square miles lie within 6-9 miles of the city center.
Data
In the research, land cover information for 1978 and 1996 is used. Both of the
land cover coverages (Arclnfo type file) were obtained from Western Michigan
University's (WMU) Geographic Information Systems Research Center (GISRC).
However, the original source for the 1978 land cover information was obtained from
Michigan Department of Natural Resources (MDNR), while the land cover coverage
for 1996 was developed independently by analysts at the WMU GIS Research Center
under United States Environmental Protection Agency (US EPA) support.
The transportation data in the GIS coverage was also obtained from the WMU
GIS Research Center. However, originally, the Michigan Resource Inventory System

(MIRIS) developed the transportation information.
Both the land cover and transportation coverages are secondary and tertiary
data; therefore, some errors may appear in data analysis based on this information.
However, as the study looks at the broad pattern of the change over time, such errors
are likely to have only slight effects on the study.
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Stages of the Research
1. Generate three-mile wide (0-3 mile, 3-6 mile, and 6-9 mile) proximity buffers
radiating from the Kalamazoo city center for 1978 and 1996.
2.

Create 1/4 (1320 feet) and 1/8 (660 feet) mile proximity buffers for 1978 and
1996 along each county / state road within the study area.

3. Produce 1/2 and 1 mile proximity buffers for 1978 and 1996 from all limited
access interchanges within the study area.
4. Compare and analyze data for aforementioned three types of proximity buffers in
terms of land cover change.
5. Investigate for trends of future development.
Research Design / Methodology
This study consists of several phases involving many varied steps. The
methods are complex in description, but logical in sequence.
In phase I, all proximity buffers for land cover maps of 1978 and 1996 are
established, processed, and analyzed. Many American planners are concerned about
central city decline as one of the biggest costs of a sprawl (Ewing, 1997; Rusk, 1993).
Therefore, first, the three-mile (0-3 mile, 3-6 mile and 6-9 mile) wide proximity
buffers are created radiating from the core of Kalamazoo City to explore the character
of land cover from the downtown to the fringe and the change in land cover from
1978 to 1996.
Various studies have indicated the strong relationship between highway or
road transportation development and urban expansion (Hylton 1995, Paker 1995).

This is because developed land requires easy access to the transportation system that
connects all the myriad places of urban residents' activities such as home, work,
schools, shopping, and recreation. Therefore, in the second part of the research, two
types of transportation proximity buffers are created: 1) half-mile and one-mile radii
access to limited interchanges in I-94 and US-131; and 2) one-eighth mile (660 feet
either side or 1,320 feet total width) and one-quarter mile (1,320 feet either side or
2,640 feet total width) along county/state roads.
Thirdly, these two types of distance proximity zones are combined. The first
is the combination of a half-mile buffer around the limited accesses interchanges and
a one-eighth mile radii buffer along the county and state roads as one contiguous
buffer. This proximity buffer will be called "Corridor A" in all further discussions.
The second is the combination of one-mile radii buffer around the limited accesses
interchanges and one-quarter mile radii buffer along the county and state roads. This
proximity buffer will be called "Corridor B" in the study.
The assumption is that transportation corridors are interdependent with the
distance to the Kalamazoo City downtown. Therefore, for the fourth part of the
project, these two main measures of distance from the city center (0-3 mile, 3-6 mile
and 6-9 mile) as well as all buffers along the transportation corridors (Corridor A and
Corridor B) can be combined. This method gives an opportunity to examine land
cover differences along the transportation corridors within specific distance zones
from the downtown.
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In phase II, of the project, an analysis of land cover change from 1978 and
1996 is performed, and percentage of areas in acres of the same land cover types are
compared for these two years for all of the proximity buffers. Finally, the extent of
urban sprawl in Kalamazoo will be estimated based on statistical analysis. In
addition, the pattern of change in land cover from 1978 to 1996 from the Kalamazoo
City center to the growing boundaries of the study area and within transportation
zones will be also the focus of the research.
Geographic Information System (GIS) digital mapping techniques and spatial
analyst tools (sometimes referred to as GIS modeling) are employed to accomplish
the study. ESRI software ArcGIS 8.0 (includes Workstation ArcINFO, ArcMap,
ArcCatalog, and ArcTools) is employed on both the 1978 and 1996 land cover layers
for GIS spatial analyst and map generation. The Workstation ArcINFO allows land
cover coverage to be overlayed on linear features and permit coverage manipulation
such as proximity buffers with maximal accuracy.
Employing Workstation ArcINFO 8.0 was also generated a model to calculate
actual acreage of change that occurred in 18 years. Using this model, areas of new
development, redevelopment, reversion (from agriculture to natural and from
developed to natural land cover), and no change land cover areas were calculated.

Expected Results (Outcome)
Expectations of this study are that urban sprawl was already manifest in the
area by 1978 and is going to be most evident along transportation corridors discussed
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previously. Likewise, greater levels of sprawl will be found increasingly in proximity
to limited access interchanges by 1996.

CHAPTER IV
A BRIEF HISTORY OF KALAMAZOO REGION
City of Kalamazoo grew ''from a tiny fur-trading post in the
wilderness to a modem metropolitan center"
(Dunbar, 1959)
The city of Kalamazoo is located in the center of the county. It is the largest
city in the county with a long history and a unique name. "In the whole world there is
only one Kalamazoo" (Dunbar, 1959, p.13). The city's history began in the early
nineteenth century as a post for fur trading. Since that time, the city has changed its
name twice. In 1831, the town was known as Bronson, then in 1837 the town was
renamed Kalamazoo. This name was borrowed from the Potawatomi Indian's
language - "Kikalamazoo," which means "the rapids at the river crossing" another
meaning is "boiling water"" (RootsWeb, 2002).
The Potawatomi tribe of Indians inhabited the area until 1821, when the
governor of Detroit negotiated with Michigan's indigenous tribes for land rights. At
that time, ownership of many Michigan's territories, including Kalamazoo County,
came under the control of the United States. In 1827, only one large reservation in
the territory Michigan belonged to Native Americans with the rest of the area being
U.S. owned or managed (Dunbar, 1959). Therefore, in 1827, the Kalamazoo region
was owned completely by the U.S. and the first settler came to the place that now is
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called Kalamazoo in 1829. His name was Titus Bronson, hence the first name of the
city.
Kalamazoo was initially known for it fur trading, which was built up by Rix
Robinson in 1823 (Massie & Schmitt, 1998). The process was "to transport the goods
from Mackinac to Kalamazoo and [then move] furs iri the opposite direction"
(Dunbar, 1959, p.25). Furs were traded for tobacco, blankets, clothes, bread, boots,
"fire-water", sometimes for rifles or shot-guns, and other goods (Dunbar, 1959). In
1835, the post stopped its activity and Kalamazoo started on a new and different path
from the fur trading page of its history (Dunbar, 1959).
Titus Bronson was the founder of modern Kalamazoo (then called Bronson).
He had faith in a great future of this town (Dunbar, 1959; Massie & Schmitt, 1998).
In 1831, the site was selected for the county seat due to the closeness to the river, the
two largest prairies, and Bronson's promises for civic improvements. According to
Dunbar (1959)
Bronson agreed to set apart for public use one square of sixteen rods for the
court house, a similar square for a jail, another for academy, one square of
eight rods for common schools, one square of two acres for public burial
ground, and four squares of eight rods each for the first four religious
denominations to be established in the village (p.23).
Despite the success the town experienced under Titus Bronson, his enemies
developed a plan to rename the town Kalamazoo. This event made Bronson sell his
house and move. However, the town continued to grow and by 1844, it had 1,800
people, a newspaper called the Kalamazoo Telegraph and the first bank, which soon
replaced the branch banks operating in the area at the time (Massie & Schmitt, 1998).
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"The town was developing along Main Street [now West Michigan Avenue] from the
river side as far as present Westnedge (Westnedge originally was West Street. .. )"
with most of the business concentration "around the Kalamazoo House and the land
office, situated nearby. [The intersection] of Rose and Main Streets [however, also]
constituted an important business corner" (Dunbar, 1959, p.42).
In 1846, the Michigan Central Railroad connected Kalamazoo (2,000
population) with Detroit. It was a major date in the history of Kalamazoo and became
the gate to commerce, entertainment, and new settlers (Dunbar, 1959; Massie &
Schmitt, 1998). In 1852, the railroad was extended to Chicago. During the 1840s
and 1850s, Dutch pioneers came to Kalamazoo and later played a notable role in the
town's economy. Shortly after the railroad expansion into the Kalamazoo area, plank
roads with tall gates were built (Dunbar, 1959).
"From an area of 320 acres, at start, the village had grown to include 4,000
acres and was two and half miles square" (Dunbar, 1959, p. 68). The population also
grew from 2,507 in 1850 to 6,070 in 1869 (Dunbar, 1959).
Industrial development kept pace with population growth. In the late 1840s
and the beginning of the 1850s, an iron industry developed on the riverbanks by the
village. This seems to have been a rather successful local business because after five
years, the "Eastern ironmaster, William Burt, came to Kalamazoo with $20,000 in
hard cash. He bought out Woodbury and Potter [iron industry] and added a steam
foundry and machine shop near the railroad tracks" (Massie & Schmitt, 1998, 43).
The industry soon could not compete with the more technically advanced iron firms
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emerging elsewhere in Michigan. As a result, Burt sold the business in 1867 for a
flour mill establishment (Massie & Schmitt, 1998). In 1856, "the Gazette listed 63
business categories and 167 firms in the [Kalamazoo] village" (Massie & Schmitt,
1998, p.51).
The period of 1865 - 1880 is called the "factor·y smokestack" era by Massie
and Schmitt (1998). There were early paper mills, located outside the town to be
close to clean water. There were new additions to the railroad system (Figure 4): the
Kalamazoo, Allegan, and Grand Rapids Railroad (1867); Grand Rapids and Indiana
Railroad (1870); Narrow-gauge Kalamazoo and South Haven Railroad (1870); and
Chicago, Kalamazoo, Saginaw Railroads (1888) (Massie & Schmitt, 1998).
Moreover, in the 1880s Kalamazoo was considered the most populated village
in the United States (Massie & Schmitt, 1998). In 1884, Kalamazoo was a city with a
population of over sixteen thousand (Dunbar, 1959). In the 1880s, the city became an
important center for wholesaling with three grocery firms, a furniture wholesaler,
"two millinery [stores], and one each tobacco and liquors, drugs, and musical
instruments. To these must be added the several firms which supplied lumber dealers
with sash and doors, and a variety of grain dealers" (Dunbar, 1959, p.101). The
business district also expanded in Portage (Massie & Schmitt, 1998). In 1886,
Upjohn Pill and Granule Company was founded as was the first electric light and
power plant (Massie & Schmitt, 1998).
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Figure 4. Kalamazoo Region in 1874 (Branch, 2002)
The city was getting ready for future automobile traffic. "By the 1880, about
one and half miles of ... pavement had been laid in the downtown area" (Dunbar,
1959, p. 104). By 1883, there were 80 miles of streets. In four years (by 1884),
Kalamazoo's life was changed by "the Kalamazoo Street Railway Company" that
"laid first tracks and started operating first horse-drawn cars" (Dunbar, 1959, p. 114).
By 1893, the system was electrified, and horse-drown cars, subsequently, became
obsolete. People crowded on small cars to ride to work, to shop, or to go for a
pleasure ride on a Sunday afternoon. One of the effects was an increase in the value

of suburban real estate. The urban sprawl in Kalamazoo had begun! The clang of the
trolley bell became a part of the sounds of the city for many years (Dunbar, 1959).
In 1878, the first telephone circuit appeared in the area, which connected
Merrill Mill with its offices. Shortly after, in 1881, the first public telephone
exchange was installed (Dunbar, 1959). By the l 886� "the first electric power was
generated in Kalamazoo and went out over wires into carbon filament bulbs in some
two dozen hotel bars, grocery stores, and shops" (Dunbar, 1959, p.115).
In 1872, the public library was opened in Corporation Hall (Dunbar, 1959).
Seven year later, a building was raised for the use of women. "The Ladies' Library
Association, organized in January, 1852, grew out of a reading club started in 1844.
It was the first women's club in Michigan and the third in the United States" (Dunbar,
1965, p. 111).
In the second half of the 19th century, Kalamazoo became known as the
"celery city", for the great quantity of this crop grown largely by people of Dutch
ancestry. "The low muck lands around Kalamazoo were adopted to celery culture
and the Dutch settlers were successful in developing a popular type of celery"
(Dunbar, 1970, p. 594). "As early as 1871, celery was being shipped from
Kalamazoo" (Dunbar, 1959, p. 109). Besides celery farming, other farm-based
operations included wholesale produce and celery shipment (including, celery
dressing, celery mustard and other) companies (Dunbar, 1959). "The early celery
fields were located mainly in the south part of Kalamazoo: along Lake Street and
Stockbridge Avenue between Burdick and Portage and along south Burdick Street"
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(Dunbar, 1959, p. 109). "Celery remained an important, but declining industry as
paper production and other became a larger part of the local economy. After WWII
land devoted to celery steadily gave way to bedding plants" (USGenWeb Site, 2002).
Currently, Kalamazoo County is the largest center of bedding plants and hanging
flower baskets in the nation.
Various other industries also started in the end of the 19th century. There was
the manufacture of steel windmills, which employed eight hundred men and shipped
products all over the world. Also, the American Playing Card Company opened in
1890 and the Kalamazoo Stationery Company stared in 1900. The long-time industry
leading pharmaceutical firm, the Upjohn Company was born in 1885 (now known as
Pharmacia). It was the idea of the "friable pill" that gave a beginning to the company.
"Up to that time pills were made from a dough-like mass of ingredients and coated
with sugar or gelatin" (p. 119) and because of the pill's hardness, the body often did
not absorb them. Therefore, "the "friable pill" devised by Dr. W. E. Upjohn could be
crushed under the thumb, and this became a trade-mark for many years of the
company he founded" (Dunbar, 1959, p. 119-120). At first, the business was located
in a basement of the building on South Burdick Street, but in 1886, the firm moved to
a larger two story building on Burdick Street (located behind the old building)
(Dunbar, 1959). By 1909, the company was in nine buildings and in 1913, they hired
their first research chemist. "Research has since played the major role in developing
new products, improving old ones, and thus making possible the development of the
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enterprise into one of the world's leading pharmaceutical houses" (Dunbar, 1959, p.
141).
The population of Kalamazoo continued to grow apace with industry. The
1890 census counted 17,853 people in the city. "The next decade brought a thirty
seven percent increase; the census of 1900 enumerated a population of 24,404 in the
city. Even though the city was small, it had its wealthy people, and along West Main
street, South Street, and elsewhere ornate mansions were constructed" (Dunbar, 1959,
p. 113-114).
In the first decade of the twentieth century, the population of Kalamazoo grew
as never before. It increased by 62 percent to 39,437 people in the period from 1900
to 1910 (Dunbar, 1959). This fast rate can be explained large] y by the success and
expansion of the paper companies.
The first automobile appeared in Kalamazoo in 1900, but by 1905 there were
52 cars (Dunbar, 1959). In 1918, the"state license bureau began to keep records,
[and] there were 5,892 cars and trucks registered in Kalamazoo County" (Dunbar,
1959, p. 131). The automobile era brought new opportunities for businesses and
caused sprawl. Car dealerships started to emerge along the main streets.
One of the very important influences on the Kalamazoo region was the
development of the paper industry. Kalamazoo was no longer known as the" Celery
City"; instead, it became the"Paper City" as the mills multiplied. In Kalamazoo,
there were several paper mill companies. There was the Kalamazoo Paper Company,
which had five mills and employed over a thousand people by 1925. The Bryant
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Paper Company also became a leading book-production mill in the area, "producing
75,000 tons of paper annually and employing over 1,200 workers" (Dunbar, I 959, p.
134). Other important firms included: King Paper Company, the Monarch Paper
Company, Bartlett Label Company, the KVP (Kalamazoo Vegetable Parchment)
Company, the Sutherland Paper Company, and the Standard Paper Company
(Dunbar, 1959). "Kalamazoo's papermaking reached its zenith in the 1950's. Fifty
years later only a handful of mills remained, but the Kalamazoo River which made
the industry possible will retain the discharges forever" (USGenWeb Site, 2002).
One of the more unique businesses concentrated in Kalamazoo was the
production of fishing tackle. By 1925, this business was making over a million
dollars annually (Dunbar, 1959). Another business that made Kalamazoo famous
once again was the manufacturing of musical instruments. "The Gibson Mandolin
Guitar Company (later, Gibson, Incorporated) was organized in 1902. The
inventor...shortly withdrew from the firm. [But] today Gibson's guitars, banjos and
mandolins are known all over the world" (Dunbar, 1959, p. 139). The Great Blues
guitarist Mr. B.B. King's favorite guitar "Lucille" was built in Kalamazoo.
There were many other small and large businesses that were famous in their
time. There was the Kalamazoo Stove Company, "one of the largest employers in
Kalamazoo labor. ..as [of] 1948, it had almost 1,100 employers" (Dunbar, 1959,
p.139). The company made Kalamazoo famous in its slogan "A Kalamazoo Direct to
You (and Gas Stove Too)" (May, 1969, p. 89). This company introduced "the easy-
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payment plan" in their ad in 1913: "Easy to Install - Easy to Pay for 30 Day's Free
Trial and Year's Test" (May, 1969, p.89).
In I 903, Kalamazoo was chosen as the site for the location of the Western
State Normal School, an institution for teacher education (Houghton & O'Connor,
2001). This school had an evolution of name change: it became Western State
Teachers College in 1927, Western Michigan College of Education in 1941, Western
Michigan College in 1955 and, finally, Western Michigan University in 1957. In the
first semester of the opening year, the school counted 107 students and less than a
dozen faculty members (Knauss, 1953). Every year, Western's enrollment rose as the
school offered new and diverse courses and added new departments (May, 1969).
Presently [2002], Western Michigan University's enrollment is well over 29,000
students.
In the beginning of the century, the citizens of Kalamazoo expected and
received "modern" entertainment. In 1906, citizens enjoyed their first motion-picture
theater, the "Bijou", on Burdick Street. The Kalamazoo Symphony Orchestra was
organized in 1921 and the Kalamazoo Institute of Art was established in 1923
(Massie & Schmitt, 1998).
The decade of 1920s was one of prosperity and development. Dunbar (1958)
indicates that the city's population increased by 13%, and Kalamazoo Township
increased by 26% in the following decade. Kalamazoo County also registered a 28%
increase from 1930 to 1940. These figures demonstrate how the population was
spreading out into suburban areas, as interurban, buses, and cars made transportation
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easier" (p. 165). In the mid-20s, automobile traffic was one of the major concerns.
"To regulate traffic, electrically controlled signals were being installed at the main
intersections" (Dunbar, 1965, p.173). Kalamazoo's history of sprawl is quite similar
to the beginnings of urban sprawl nation wide.
In the decade of the 30s, "the nation-wide business depression began to be felt
in Kalamazoo" (Dunbar, 1965, p. 183). However, according to (Massie & Schmitt,
1998) Kalamazoo was "the only city in America with population of 50,000 to be out
of debt" (p. 179).
The Census of 1940 showed a decline of the city's population from 54,786 in
1930 to 54,097 in 1940. However, "Kalamazoo Township increased 5% and the
county as a whole gained 10% in population. Large communities like Millwood were
growing outside the city limits" (Dunbar, 1965, p. 193-194).
With World War II, industries in Kalamazoo shifted to war-oriented
production. "Sixty-five major manufacturing plants in Kalamazoo were engaged in
essential war production, and it was estimated that employment in war production
was between 16,000 and 20,000." These industries produced a variety of products
from paper for the military to anti-tank guns and amphibious tanks.
After victory in World War II, Kalamazoo was not the same. One of the
"serious challenges faced by the community ... was how to provide for the increasing
volume of motor traffic on the streets" (Dunbar, 1965, p.201). "Between 1947 and
1950 there was an increase of over 30% in the number of automobiles registered in
Kalamazoo County" (Dunbar, 1965, p.201). With the increase of traffic volume on
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the streets there were increasing problems with parking, which became inadequate in
the face of growing demand. As a result, in 1949, the city commissioners decided to
install the first parking meters on the streets (Dunbar, 1965).
In the second half of the century, the population of Kalamazoo "mushroomed"
from 57,326 in 1950 to 82,089 in 1960. "However, as in most Midwestern urban
areas, population grew only slightly in the 1960s and apparently decreased somewhat
during 1970s as the surrounding townships gained" (Massie & Schmitt, 1998, p.200)
In

the 1959, Kalamazoo obtained a new nickname "Mall City". The first two

blocks of the first pedestrian mall in the U.S. were completed in downtown
Kalamazoo for easy access to shops (Massie & Schmitt, 1998).
In

1946, Kalamazoo County received permission for the construction of a

four-lane highway. Construction of I-94 was competed in September 1963 (Massie &
Schmitt, 1998). "This highway linked Kalamazoo to the Midwest's major
metropolises" (Massie & Schmitt, 1998, p.204). At the same time, US 131 was also
completed (Massie & Schmitt, 1998). "The expressways, like great elongated
mothers, nurtured the dozens of new motels, restaurants, service stations, and
factories that nuzzled their interchanges" (Massie & Schmitt, 1998, p. 206). The
opening of the expressways was followed by the independent incorporation of the city
of Portage as a separate entity in 1964 (Massie & Schmitt, 1998).
Hard times hit Kalamazoo in the 1980s. Natural disaster in the form of a large
tornado struck the heart of the city on May 13, 1980. "The tornado killed five people,
drove 1,200 from their homes, and caused $50 million in property damage" (Massie

& Schmitt, 1998, p.208). In 1982, Checker Motor Corporation (taxicabs producer)
"ended a 60 year manufacturing tradition by halting production of its classic "iron
brute" taxicabs" in Kalamazoo (Massie & Schmitt, 1998, p. 227). The jobs continued
to leave throughout the decade. Gibson Inc. moved to larger facilities in Tennessee.
The General Motor Corporation laid off over three hundred workers and then closed.
The end of the 20th century was marked for Kalamazoo with a large event in
August 1995: "a merger between Upjohn Co. and Pharmacia AB ... Together
Pharmacia & Upjohn became the ninth - ranked pharmaceutical company in the
world" ("Time to look back," 1999, p. 105).
Kalamazoo city and its county have a long history. Through the years, the
city was known for fur trading, celery growing, stove, guitar, paper, and cigar
production, and pedestrian mall. The population of Kalamazoo County grew from
6,377 county in 1837 (Dunbar, 1969) to 238,603 in 2000 (Census Bureau, 2000).
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CHAPTER V
RESULTS
"Pa, get your gun! The suburbs are coming."

(Hall, 1996)

This chapter discusses land cover distribution for 1978 and 1996 in the nine
townships within Kalamazoo County, Michigan. There are three approaches that are
employed in this analysis: (1) distribution of land cover from the center of urban core
of the Kalamazoo city; (2) distribution of land cover in the transportation corridors
(Corridor A and Corridor B); and (3) distribution of land cover in the aforementioned
transportation corridors and in relationship to the Kalamazoo city center distance
zones.
Kalamazoo County land cover information for both studied years was
categorized employing the same land cover classification. Gregory Anderson, a GIS
analyst at WMU's GIS Research Center, developed the land cover classification.
This classification was generalized down to 17 land cover types for the maps
presented in the thesis (Figure 7 - 8, 12-13). These categories are: residential,
commercial, mobile home park, institutional, industrial, transportation, extractive,
outdoor recreation, cemetery, agricultural, non-forested/open, forested, water,
wetland, residential roads, county roads, and highways land cover type.
The areas of each of the land covers are represented in tables 6 - 25 found in
the appendix. These tables include 13 main categories (some of the categories are
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slightly different than map's classification - more general): residential, commercial,
institutional, industrial, transportation, extractive, developed open land (such as
outdoor recreation and cemeteries), agricultural, non-forested/open, forested, water,
wetland, and roads land cover. Tables 6, 8, 10, 11, 18, and 19 (see Appendix) also
break down these data into on sub-categories; for instance, the residential category
includes multi-family high rise, multy-family low rise, single family/duplex and areas
as devoted to mobile home parks (on the map it is a separate category). All land
cover types and their areas are summarized into three large groups. Those are
"developed" (includes residential, commercial, industrial, institutional, transportation,
extractive, developed open land, and roads), "greenfield", easily capable for
development (agriculture, non-forested, and farmland), and "non-developed", areas
protected by law or non-developable (water, wetland).
Exploration of the General Pattern of Land Cover Distribution in the Study Area
Visual examination of Figures 7 and 8 shows that the primary land cover type
in the area was agriculture. In the center of the figures is also observed a high
concentration of residential land cover. However, the pattern had changed for 1996
with dispersion along the roads and the decentralization of the single-family land
cover type.
According to Table 8 (see appendix), of the whole studied area (nine
townships), the largest land cover area in 1978 was devoted to agriculture (36 percent
of total study area). The second largest land cover area was f orested area (21.6
percent of total area); the third largest land cover was non-forested are (14.3 percent
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of total area); and the forth ranked was residential land cover with 10.6 percent of
total area.
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Figure 5. Percentage of Four Largest Land Cover Types from the Total Area Within
Nine Townships in Kalamazoo Region: 1978, 1996
In 1996, the scenario had changed a little (Figure 8, Table 7 and Table 9 in the
appendix). Agriculture land cover was still dominant, but the percentage decreased to
25.3 (10.7 percent of decrease from 1978) from the total area. The second largest
area came from residential land cover with 17.7 percent of total land cover (a 7.1
percent of increase from 1978). Forested land cover moved down from the second
largest land cover type in 1978 to the third largest in 1996. In 1996, its percentage
was 16.5 from the total area, which was a 5.1 percent decrease from 1978. Figure 5
represents the top four ranked land cover types in the studies area for 1978 and 1996
according to their percentage from the total area in the nine townships.
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General Pattern of Developed, Greenfield, and Non-Developed Land Cover
Categories from the Kalamazoo City Center
Figure 6 shows the percentage of developed, greenfield, and non-developed
land cover categories by each distance zone (three-, six-, and nine mile radii from the
center of the Kalamazoo city) for both years - 1978 and 1996. Each column totals to
100 percent.
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Figure 6. Percentage of Developed, Greenfield, and Non-Developed Land from the
Total Area Within the Zone: 1978, 1996
In the inner (0-3 mile) zone, almost 75 percent of all land was developed by
1978. In the middle zone, 30 percent of land was developed by 1978, and less than
15 percent of land was developed in the outer (6-9 mile) zone. According to Table 11
(see Appendix), approximately equal acreage of land was devoted to developed land
by 1978 in each distance zone from the city. Greenfield lands were the main cover in
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outer and middle zones, reaching 79 and 66 percent (accordingly) by 1978. In the
well-developed inner zone, greenfield land cover accounted for 23 percent. The
smallest category was non-developed land. It accounted for two, four, and seven
percent of land in the zones with three-, six, and nine-mile radii from the center by
1978.
Obviously, when comparing the distance zones in 1978, the inner zone was
the most developed, while the middle and outer zones were much less developed.
The pattern of development for middle and outer zones was similar. However, due to
the difference in included area, the difference in the actual area of greenfield in the 9mile zone was almost twice as large as the area of greenfield in the 6-mile zone. In
1978, the total area of developed land from the center to the outer boundary (9-mile)
was 42,200 acres, whereas 110,600 acres of greenfield.
In 1996, the numbers and the pattern of land covers had changed significantly.
In the inner distance zone, there was a decrease of developed land while in the middle
and outer zones, development increased by 10 percent. The decrease of developed
land and an increase of greenfield in the inner zone is a phenomenon of reversion.
This process occurs when properties for some reason are not in use and revert to
open, shrubland, or forested cover. However, the percent of reversion in the zone is
not large.
The most dramatic change had taken place in the 6-mile and 9-mile proximity
zones. The middle zone developed by more than 40 percent; this was an increase of
5,000 acres in comparison to 1978. The outer zone developed lands expanded to one-
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quarter by 1996, which is more than 8,000 acres of increase. Therefore, in 1996,
counting all zones, developed land reached 56,800 acres while the total greenfield for
this area was 89,200 (Table 12 in Appendix). Consequently, in the nine miles radius
region between 1978 and 1996, an area of 21,400 acres of greenfield was lost. Most
of the development occurred in the middle and outer zones. These zones extended
beyond the suburban fringe of 1978. A more detailed picture of land cover types that
had changed the most within each of these three land cover groups (developed,
greenfield, and non-developed) is discussed further in this chapter.
Tables 9, 12 - 14, 15 - 17, and 20 - 25 (see Appendix) present the ranks of the
land cover type categories. Theses ranks are based on the percentage of each land
cover area within specified distance zone from the total area within that particular
zone.
Land Cover in Distance Zones From the Kalamazoo City Center
Land cover for 1978 and 1996 with three-mile, six-mile, and nine-mile radii
proximity zones is presented in the Figure 7 and 8 (accordingly). Downtown
Kalamazoo City is at the center of the aforementioned buffers with its urban core.
Table 10 (see Appendix) reflects the acreage of each land cover type in 1978 within
these three distance zones. Table 11 (see Appendix) shows the acreage of each land
cover type in these thee zones for 1996.
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Figure 7. Kalamazoo Region Land Cover in Zones, 1978
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Figure 8. Kalamazoo Region Land Cover in Zones, 1996
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Visual examjnation of Figures 7 and 8 shows that within the 0-3 miles
distance zone, the primary land cover type was residential. This element is rather
understandable as downtown Kalamazoo is situated within this zone and is the center
from which Kalamazoo began its development as an urban center. In the middle 3-6
mile distance zone, the main land cover type for 1978 appears to be agriculture, while
for 1996, it is visually difficult to decide what land cover type occurred largely residential, agricultural or non-forested. In the most outer 6-9 mile zone, it is visually
dominant by agricultural, forested, and non-forested land cover types for both years.

Land Cover Within Oto 3 Mile Zone From the Kalamazoo City Center
The inner distance zone incorporates the urban core of Kalamazoo city. Most
of the residential, industrial, and institutional land covers for the whole studied area
are concentrated in this distance zone.
The ranks of the land cover types within the Oto 3 mile distance zone
according to the percentage of each land cover area are presented in Figure 9. Figure
9 demonstrates that the highest ranked land cover for both years was residential, with
a percentage of 35.8 and 35.4 for 1978 and 1996 (accordingly). Road land cover was
second place and forested land was the third largest land cover in the inner distance
zone. In 1978, the forth-largest land cover was non-forested/open land (9.5 percent
from the total area in the zone), but this land cover type decreased by 1996 by 3.5
percent.
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Based on Figure 9, there is very little change that occurred in the inner
distance zone. The main reason is that this zone was well developed by 1978 and
there was not much space for more growth. However, the slight decrease in
residential land cover and a slight increase of commercial land cover shows evidence
of redevelopment - a change of land cover type from less intensive use to more
intensive. Also, there is an increase of forested cover, which can be a result of
reversion - when land is not used and it reverts back to more natural cover.
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Figure 9. Percentage of Land Cover Types within Oto 3 mile proximity zone in
Kalamazoo Region: 1978, 1996.

Land Cover Within the 3 to 6 Mile Zone From the Kalamazoo City Center
In the middle zone, the distribution of land cover is changing. Figures 7 and 8
showed agriculture as the dominant land cover in 1978; however, there was
significant residential development centered on the city of Portage, Michigan. This
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city obviously grew by 1996 (see Figure 10). It is difficult to decide which land
cover type is dominant; residential or agricultural. Table 14 (see Appendix)
demonstrates that while agricultural land cover was ranked as number one in 1978, it
decreased froml6,923 acres to 11,570 acres by 1996, which is a 9.9 percent decrease
in 18 years. However, residential land cover area had increased 6.3 percent from the
total land cover in the zone. Non-forested and forested land cover types within this
proximity zone had not changed dramatically either in area or rank.
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Figure 10. Percentage of Land Cover Types Within the 3 to 6 Mile Proximity Zone
in Kalamazoo Region: 1978, 1996

Land Cover Within the 6 to 9 Mile Zone From the Kalamazoo City Center
Distribution of land cover in the outer zone partially resembles the distribution
of land cover in the middle zone. Looking at Figure 11, in 1978, the 9-mile zone
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mainly consisted of light green, green, and light brown colors that represent
agriculture, forest, and open/non-developed land cover types (accordingly). Based on
the information in Table 16 (see Appendix), agricultural, forested, and non
forested/open land covers were ranked as the top three land covers, according to their
percentage from the total land in the zone. Agricultural land cover ranked first with
38.2 percent; forested land cover (25.1 percent) was the second largest and the third
largest was non-forested or open land (15.4 percent). These percentages are also
presented in Figure 9.
The 9-mile zone in 1996 (Figure 8) is more diversified in 1978. In 1996, the
outer zone contained more residential land cover. In addition to the change in area,
there is also a change in the pattern of residential land cover in this zone. Residential
land cover in the outer zone became more distinguished than in any other distance
zone. This land cover type within 9-mile zone is mainly concentrated along the
roads, representing single-family homes with few subdivisions to the south of the
study area.
Figure 11 and Table 17 (see Appendix) show that in 1996, agricultural land
cover occupied large areas and was ranked as number one. Still, there was a decrease
of 11.8 percent from 1978. Forested and non-forested/open land covers were ranked
as the second and third largest land covers in 1996 as well as in 1978, but with some
significant changes to the actual area. Figure 11 also depicts an increase of 8.7
percent in residential land cover and 6.3 percent increase in wetland land cover. This
increase is mainly due to the misclassified wetland polygons in the 1978 land cover
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information. The 1978 land cover survey was conducted in the summer time and it
was difficult to distinguish between forested wetland and forest cover. However, this
minor detail should not skew the general pattern.
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Land Cover in Transportation Conidors
The land cover information that was used to examine the patterns of change
from 1978 to 1996 from the center of Kalamazoo city to the outer boundary of nine
mi le was also used in the transportation conidors analysis. The classifications
method and grouping remained the same. To examine the transportation conidors
(Conidor A and Conidor B), two approaches were applied (for details see Chapter 3).
The transportation system in 1978 was well developed, but not all the existing
and now limited access interchanges were built. Therefore, for the purpose of this
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study, the locations of the 1996 limited access interchanges were used. Figures 12
and 13 represent the land cover in the transportation corridors (refer to these figures
when the percentage and areas of land covers within these corridors are discussed).
Visual examination of Figures 12 and 13 indicates the presence of large
clusters of residential, industrial, and institutional lands in the inner and middle zones
as well as large areas of agricultural lands in 1978. By 1996, residential land replaces
the agricultural land in the middle and outer zones within these transportation
corridors. The numbers support these initial observations. Figure 14 and Table 18
(see Appendix) show that by 1978, in the whole nine-mile radii region (taken from
the Kalamazoo city center), the percentage of developed land to total area was 45 and
36 percent (Corridor A and B, respectively). Concurrently, total greenfield lands
accounted for 52 and 61 percent (Corridor A and B, respectively). By 1996, there is
an increase (Table 19) of developed land by 15 and 13 percent in A and Corridor Bs
(respectively); consequently, there was a decrease of greenfield land by 16 and 15
percent.
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Figure 12. Kalamazoo Region Land Cover in Transportation Corridors, 1978
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Figure 13. Kalamazoo Region Land Cover in Transportation Corridors, 1996
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Figure 14. Percentage of Total Developed and Greenfield Land Cover Area in
Transportation Corridors From the Total Land Area: 1978, 1996
Figure 14 indicates that the percentage of total developed land and total
greenfield has changed dramatically during the 18 year time frame. In what land
cover types within the aforementioned categories did the most change occur? The
break down of the land cover percentages using a more detailed classification, in
relationship to the center of Kalamazoo city, demonstrates this change most clearly.
According to Table 18 (see Appendix), in 1978, 71 percent of all residential area
within the studied region was located in the Corridor B (Figure 15). In the same
Corridor As of 1978, 92 percent of all commercial land cover could be found. This is
worth considering: Corridor B accounts for 53 percent of the study area and yet
accounts for 92 percent of all commercial area in 1978.
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Figure 15. Percentage of Land Cover Categories in Transportation Corridors From
the Total Land Cover of the Same Type: 1978, 1996
By 1996, the percentage of land cover types in the two transportation
corridors vis-a-vis other types changed only moderately. There was an increase in
residential area in both corridors. Now Corridor B Accounted for 75 percent of all
residential area relative to all available residential land in the study region. The
growth of residential land cover on the previous boundary of the city is one of the
characteristics of urban sprawl. The break down of all land cover types (by
percentages) from the total residential cover, according to the distance to the center of
the city, shows a more detailed geographic pattern (Figure 16).
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started by 1978, had changed to 54 and 49 percent respectively by 1996. This is a 12
and 14 percent increase for the two areas. Moreover, in 1996, residential land cover
in the transportation corridors was ranked as number one, three, and four (Corridor B
9-mile zone, Corridor B6-mile zone, and Corridor A 9-mile zone respectively) of all
land covers from the total area in the corridors (table f9 in Appendix). In contrast, in
1978, the same ranking places were "taken" by agricultural and forested lands (Table
18 in Appendix). Therefore, residential land area in Corridor Bin 1978 was 5,137
acres and it increased to 11,689 acres by 1996, whereas agricultural land in the same
Corridor Accounted for 16618 acres in 1978 and decreased to 10,520 acres in 1996.
Land Cover Change in the Distance Zones: 1978 - 1996
ArcGIS technology was applied to generate a new Land Cover information
(Arclnfo coverage) of change from 1978 to 1996. A model was designed for this
process employing both 1978 and 1996 land cover information. The outcome of the
model was used to observe the "real" change in the study region (Figure 17). In
addition to a qualitative outcome, quantitative information was also generated to
depict this relationship (Table 1).
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Table 1. Land Cover Change in Distance Zones, Kalamazoo Region: 1978 - 1996
(area in acres).
Land Cover Category
0-3 miles 3-6 miles 6-9 miles Total
Developed
1055.1 6986.3 10235.5 18277.0
No Change
15643.9 41550.3 69858.2 127052.5
Reversion from developed to natural
813.5 1305.4 1483.1 3602.C
59.1 3579.9 8044.1 11683.2
Reversion from agriculture to natural
Redevelopment
431.8
587.5
243.3 1263.0
tfotal
18003.5 54009.9 89864.2 161877.6
The Land Cover Change model was used to detect the five most important
land cover trends. This model was based on the following principles: (a)
development - land cover that was categorized as greenfield (forested, shrubland,
etc.) or non-developed (water, wetland) in 1978 became developed (residential,
commercial, etc.) in 1996; (b) redevelopment - land cover that was less intensely
developed (residential) became redeveloped to more intense use (commercial or
industrial); (c) reversion from developed to natural - land cover that was classified as
developed (residential, commercial, etc.) in 1978 became classified as greenfield
(forested, shrubland) in 1996; (d) reversion from agricultural (ag.) to natural - land
cover that was classified as agricultural (cropland, permanent pasture, etc.) in 1978
became classified as greenfield (forested, shrubland) in 1996; and (e) no change meaning none of the above processes actually happened to the parcels in question.
Figure 18 below represents the percentage of change within each distance zone.
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Figure 18. Land Cover Change in Distance Zones: 1978 - 1996
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During the years from 1978 to 1996, urban sprawl proceeded mostly through
land development. There was little land reversion observed at this scale and even less
redevelopment.
Development increasingly occurred in the middle and outer zones while a
decrease was observed in the inner zone. Reversion took place in the middle and
outer zones. The larger percentage of reversion is from agricultural to natural land
areas. This will continue to be an ongoing process as farming has become a declining
industry due to lower profits. The lack of profit in farming encourages farmers to sell
their farmland to developers. Developers, it turn, often do not rush to use the land,
they usually wait for land prices to increase before sales and subsequent development.

CHAPTER VI

ST ATISTICAL AN ALYSIS
Again, the hypothesis of this research is that urban sprawl is evident in the
Kalamazoo Region and that it has intensified over time. The specific sub-hypotheses
are: ( 1) over time, urban spraw 1 is spreading out to the fringe causing central city
decline, and(2) the presence of transportation corridors positively influences urban
sprawl. In order to accept or reject these hypotheses, Spearman's rank correlation
tests are performed. These tests include: (a) a correlation test of land cover categories
of 1978 with 1996 in the whole study area;(b) a correlation test of land cover
categories between the distance zones(0-3 mile, 3-6 mile, and 6-9 mile) in 1978 and
1996;(c) a correlation test of land cover categories by transportation corridors
(Corridor A and Corridor B) as well as the non-corridor land areas(the rest of the
area that is not included in transportation corridors) for 1978 with 1996 for the whole
study area; and finally(d) a correlation test of land cover categories by transportation
corridors with land cover categories outside of the corridor in distance zones for 1978
and 1996.
The range of the calculated Spearman's correlation coefficient lies between a
perfect correlation(± 1) and no correlation(0). Therefore, the closer the correlation
coefficient rho is to one, the higher the positive correlation. Correlations are
calculated between each pair of land cover category for 13 land cover categories.
These correlation coefficients are summarized in a correlation matrix. The important
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feature about such matrices is that the correlation between a variable and itself is
always one, consequently the diagonal elements of the matrix always contain the
value rho= 1.00(Burt & Barber, 1996). In SPSS, the correlation coefficients with
the significance level of 95 and 99 percent(a=0.05 a_nd a=0.01) are flagged with
asterisks("*" (.05) and "**"(.01)).
A Correlation Test Comparing Land Cover Categories of 1978 with 1996 in
the Whole Study Area
Spearman's test was conducted on ranked land cover categories of 1978 with
1996 for the study area. The correlation coefficient for this test is equal to 0.912**.
This number shows that ranks of land cover categories in the study area over 18 years
have changed only slightly. However, evidence of sprawl is reflected in extensive
growth of multiple land uses in the fringe, where new commercial and residential
developments occur. Therefore, closer examinations of land cover categories to
determine changes in ranks within the three distance zones (0-3 miles, 3-6 miles, and
6-9 miles) are also conducted.
A Correlation Test of Land Cover Categories Comparing the Three Distance Zones
for 1978 and 1996
An examination of land cover ranks from the urban core to the fringe provides
better understanding of potential changes in the ranks of land use within each distance
zone. In this study, the urban core is located in the inner(0-3 mile) zone. The matrix
of Spearman' s correlation coefficients for the three zones is presented in Table 2.
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This matrix contains the coefficients comparing the rank of 1978 land cover
categories and the rank of 1996 land cover categories for the three zones.
Table 2. 1978 and 1996 Spearman's Rank Correlation Coefficients for Land Cover
Categories in The Distance Zones.
Year

1978
Distance 0-3 mile
zone

1996
6-9 mile

3-6 mile

6-9 mile

3-6 mile

0-3 mile

0-3 mile

1

0.385

0.132

.989**

0.407

0.275

1978 3-6 mile

0.385

1

.813**

0.363

.934**

.874**

6-9 mile

0.132

.813**

1

0.132

.758**

.945**

0-3 mile

.989**

0.132

1

0.396

0.28

1996 3-6 mile

0.407

0.363
9
. 34**

.758**

0.396

1

.868**

6-9 mile

0.275

.874**

.945**

0.28

.868**

1

** Correlation is significant at the .0 l level (2-tailed).

In 1978, the relationship between the inner (0-3 mile) zone with the middle (36 mile) and the outer (6-9 mile) zones is weak (rho = 0.385, 0.132 respectively). This
means that the relationship is not significant and that ranks between these zones differ
largely. Such statistical results are not surprising since the urban core is located in the
inner zone, while the middle and the outer zones were not intensively developed in
1978. However, there is a strong relationship (rho= 0.813) between the land cover
categories ranks of the middle zone (3-6 mille) with the outer zone (6-9 mile). This
coefficient shows that both of these zones are quite similar as the ranks of the land
cover categories differ only slightly. Figure 6 (Chapter V) also supports the above
result. According to the statistics in this figure, in 1978, almost 75 percent of the
inner zone was developed while in the middle and the outer zones developed land was
equal to 30 and 15 percent respectively.
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In 1996, relationship between the middle and the outer zones grew stronger
with a correlation coefficient of 0.868. Moreover, the relationship of the inner zones
with the other two also becomes slightly stronger, but still it is not significant. Higher
correlation coefficients of the inner with the middle and the outer zones show the
increase of similarity between the zones at this time. An interesting observation is
that while the correlation coefficient for the inner and the middle zones increased by
0.011, the coefficient for the inner with the outer zones increased by 0.148 from 1978
to 1996. This difference shows that change in land use within the outer zone occurred
faster than in the middle zone in comparison to the inner zone.
These changes in the ranks occurred over 18 years. Another confirmation of
significance of these changes is a comparison of the coefficients for the inner, middle,
and outer zones for 1978 and 1996. The correlation coefficient of the inner zone in
1978 with the inner zone of 1996 is 0.989. For the middle zone in 1978 and 1996 the
value declines to 0.934. The outer zone coefficient for 1978 and 1996 is 0.945. If
change did not take place, the coefficient would be 1.0 (perfect correlation). The
closest coefficient to 1.0 is the coefficient of the inner zone, showing occurrence of
very small changes in this, most build-up, zone.
Correlations of Land Cover Categories for Transportation Corridors and the Area
Outside of The Corridors for the Whole Study Area: 1978 and 1996
The ranks of land cover categories for the transportation corridors A and B
can be compared with the land outside of the corridors and with each other. The land
outside of any corridor - is the area that is not included in a transportation corridor.
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The correlation coefficients for transportation and outside the corridors of 1978 with
1996 are presented in Table 3.
Table 3. Spearman's Rank Correlation Coefficients for Land Cover Categories in
Transportation Corridors and Outside the Transportation Corridors in Study
Area: 1978 and 1996.
Year

1978
Corridor

1978

1996

A

1996
outside
A

B

outside
B

A

outside
A

B

outside
B

A

1

.978**

.571 *

.571*

.896**

.868**

.582*

.555*

B

.978**

1

.643*

.643*

.907**

.907**

.648*

.626*

outside A

.571 *

.643*

1

1.00**

.571*

.659*

.962**

.984**

outside B

.571 *

.643*

1.00**

1

.571 *

.659*

.962**

.984**

A

.896**

.907**

.571*

.571 *

1

.978**

.665*

.610*

B

.868**

.907**

.659*

.659*

.978**

1

.753**

.703**

outside A
outside B

.582*
.555*

.648*
.626*

.962**
.984**

.962**
.984**

.665*
.610*

.753**
.703**

1
.989**

.989**
1

** Correlation is significant at the .01 level (2-tailed);
* Correlation is significant at the .05 level (2-tailed).

In 1978, the land cover categories beyond the corridors for either
transportation corridors were ranked in the same order. The correlation coefficient is
1.0 (perfect correlation) between land outside of Corridor A and land outside of
Corridor B. Further, the correlation between transportation corridors A and B is
0.978. This coefficient demonstrates a very strong relationship between the land
covers in the two corridors. The ranks do not differ much despite the size of the
corridor. However, the relationship between the transportation corridors and land
beyond the two corridors is not very strong. The coefficients of 0.571 (Corridor A
and the lands outside of the Corridor A) and 0.643 (Corridor B and the lands outside
of the Corridor B) show that ranks of land cover categories within and without the
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transportation corridors are very different. Therefore, in 1978, the ranks of land user
in the transportation corridors were highly correlated. Also, the ranks of land outside
of the corridors for the two time periods were perfectly correlated. However,
comparing the land within the transportation corridors with the land outside the
corridor results in a very weak association.
In 1996, the relationship between the two transportation corridors remained
exactly the same as in 1978 (a coefficient of 0.978). However, the order of the ranks
changed slightly as indicated by a lower coefficient (0.896 vs. 0.907). If the order did
not change, the coefficient would be 1.0, reflecting a perfect correlation. These high
correlation coefficients show the similarities between the transportation corridors
over time.
These observations demonstrate that changes in ranks of land cover categories
in the transportation corridors do occur over time. This does not answer the final
question: "Do ranks of land cover categories in transportation corridors remain the
same in relationship to different distance zones?" The answer to this question follows
in the next section.
A Test of Correlation for Ranks of Land Cover Categories by Transportation
Corridors, for Lands Outside of The Corridors, and the Distance Zones for 1978
The coefficients in Table 3 indicated that the ranks of land cover do not
change much despite the width of transportation corridors. Correlation coefficients in
Table 2 demonstrate that land cover ranks differ depending on proximity to the urban
core. The next question combines these first two: "Do ranks of land cover categories
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change in the transportation corridors depending on the proximity of the corridor
segment to the urban core?" The matrix of correlation coefficients for both corridors
and distance zones provided in the Table 4 answers this question.
In 1978, the correlation coefficients comparing transportation Corridor A to
the Corridor B within three zones: the inner (0-3 mile), middle (3-6 mile), and outer
(6-9 mile) zones, were 0.978, 0.978, and 0.934, respectively. These significant
correlations show that the difference in ranks between the two transportation
corridors within each particular zone is very minor. However, the correlation
coefficients between the segments of the transportation corridors in the different
distance zones vary considerably. The weakest relationship is between transportation
Corridor A in the inner zone with transportation Corridor A in the outer zone (Table
4).

Table 4. 1978 Spearman' s Rank Correlation for Land Cover Categories by Transportation on Corridors and Land Cover
Categories Outside of the Transportation Corridors Within Distance Zones.
Distance
zone
0-3 mile

3-6 mile

6-9 mile

0-3 mile

3-6 mile

6-9 mile

0-3 mile
Corridor

3-6 mile
A

B

A

6-9 mile

0-3 mile

3-6 mile

6-9 mile

B

A

.648*

0.385

outside outside outside outside outside outside
A
A
A
B
B
B
0.275 .808** .747** 0.242 0.093 -0.132
-0.22

1 .791** .736**

0.484

0.407

1 .978**

.786**

.670*

1

.978** .720**

A

l

B

.978**

A

.720** .791**

B

.648* .736** .978**

A

0.385

0.484 .786** .835**

B

0.275

0.407

.670* .714**

B

.879** .824**

0.412

0.253

0.005

-0.071

.665*

.588* .692**

0.549

0.33

0.247

.835** .714**

.676*

.610* .769**

.621*

0.418

0.33

1 .934**

0.467

0.451 .852** .846**

.747**

.654*

0.44

0.451 .912** .956**

.879**

.808**

.934**

I

outside A

.808** .879**

.665*

.676*

0.467

0.44

outside B

.747** .824**

.588*

.610*

0.451

0.451

.967**

1

1 .967**

0.516

0.368

0.121

0.077

.555*

-0.407

0.137

0.077

1 .940**

.791**

.736**

outside A

0.242

0.412 .692** .769**

.852** .912**

0.516

.555*

outside B

0.093

0.253

0.549

.621*

.846** .956**

0.368

0.407 .940**

1

.934**

.896**

outside A

-0.132

0.005

0.33

0.418

.747** .879**

0.121

0.137 .791** .934**

1

.978**

outside B

-0.22

-0.071

0.247

0.33

.654* .808**

0.077

0.077 .736** .896**

.978**

I

** Correlation is significant at the .01 level (2-tailed); * Correlation is significant at the .05 level (2-tailed).

---..l
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The correlation coefficients for land beyond the corridors exhibit similar
patterns to those of the transportation corridors. Land outside of Corridor A is highly
correlated with the land outside of Corridor B in each zone (0.976, 0.940, and 0.978).
However, land outside both corridors of the inner zone has no correlation with land
outside the corridors for the middle (0.242, 0.093) and outer (-0.132, -0.22) zones,
while the coefficients for correlation between middle and outer zones (0.791, 0.896)
show much stronger relationships.
The relationships between land category ranks for the transportation corridors
and the outside corridors in each distance zone are similar to the pattern of the
relationship between the outside corridors within the zones. The correlation
coefficients for the transportation corridors as compared to land use outside the
corridors fluctuate across zones. For instance: (a) transportation corridors A and B of
the inner zone are highly correlated (0.808, 0.747) with the land outside of the
transportation corridors A and B in the same zone, but have no correlation in the
middle (0.242, 0.093) and the outer (-0.132, -0.22) zone; (b) transportation corridors
of the middle zone are correlated with land outside of the transportation corridors in
the inner (0.665, 0.588) and middle (0.692, 0.621) zones, but have extremely weak
correlation (0.33, 0.33) with the outer zone; and (c) transportation corridors of the
outer zone have a weak relationship (0.467, 0.451) with land covers outside of
transportation corridors in the inner zone, but strong (0.747, 0.808) relationships with
the outer zone and very strong relationships (0.852, 0.956) with the middle zone land
covers outside of transpo1tation corridors.
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The proportional land classes for the transportation corridors of the middle
zone have a strong relationship with the outside corridors of the inner zone. The land
use for the transportation corridors of the outer zone is strongly correlated with the
outside corridor of the middle zone. This pattern resembles the development trend
observed earlier: the inner zone is an urban core and development slowly spreads out
to the middle and outer zones. First, however, it occurs within the transportation
corridors; therefore, the transportation corridor of each more distant zone resembles
the land cover from the zone next to it towards the city.
Correlation Tests for Land Cover Category Ranks for Transportation Corridors and
Land Outside the Corridors by Distance Zones in 1996
The correlation coefficients for the transportation corridors compared across
proximity zones are presented in Table 5. In 1996, the relationship between
transportation corridors A and B within each distance zone remained strong with
correlation coefficients of 0.967, 0.995, and 0.852 in the inner, middle, and outer
zones respectively. The correlations of the transportation corridors across the zones
changed in 1996. Land cover category ranks in the transportation conidors of the
inner zone were previously not correlated to those in the outer zone in 1978. This
changed to a weak relationship between corridors A (0.654) and B (0.451) in 1996. A
strong correlation evolved in the ensuing years between transportation corridors A
and B of the middle zone with the transportation corridors of the outer zone. The
coefficient for this relationship changed from 0.786 in 1978 to 0.901 in 1996 for
Corridor A and from 0.714 to 0.742 for Corridor B. These coefficients illustrate that
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ranks of land cover categories in transportation corridors of the middle (3-6 mile)
zone are very similar to the ranks of the land covers in the outer zone, especially
within Corridor A.
Ranks of land use for areas outside of the transportation corridors resemble
those in 1978. The land cover types outside of Corridor A are highly correlated with
the land cover types outside of Corridor B in the inner (0.973), middle (0.945), and
outer (0.984) zones. The correlation of the land cover types outside of the corridors
of the zones also resembles the pattern of 1978, but some changes have occurred.
Land covers for areas outside corridors A and B from the inner zone still have no
significant correlation. However, the correlation coefficient increased from 0.242
(1978) to 0.297 ( 1996) for the ranks of land cover in areas outside of Corridor A, and
from 0.093 ( 1978) to 0.198 ( 1996) for land cover ranks for areas outside of Corridor
B for the inner and middle zones. Moreover, the coefficients have increased for
relationship between areas outside of the transportation corridors A and B of inner
with the outer zones from -0.132 (1978) to 0.088 (1996) for areas outside of Corridor
A and from -0.22 ( 1978) to 0.005 (1996) in the area outside Corridor B. These
increased relationships show that the middle and outer zones slowly start to resemble
the inner zone during our study period.

Table 5. 1996 Spearman' s Rank Correlation for Land Cover Categories by Transportation Corridors and Land Cover
Categories Outside of the Transportation Corridors Within Distance Zones.
Distance
zone
0-3 mile

3-6 mile

6-9 mile

Corridor

B

A

0-3 mile

6-9 mile

3-6 mile

0-3 mile

A

B

A

6-9 mile

3-6 mile

B

A

1

.967**

.676*

.659*

.654*

B

.967**

1

.698**

.676*

.637*

outside outside outside outside outside outside
A
B
A
B
A
B
**
**
.703
0.17 0.022 -0.082
0.39 .802
-0.17

0.451 .857** .769**

0.242

0.11

-0.011

-0.088

1 .995** .901** .731**

.626*

.555* .731**

.582*

0.44

0.379

1 .918** .742**

.593*

0.516 .758**

.599*

0.456

0.396

1

.852**

0.505

0.423 .775**

.654*

.555*

0.495

0.451 .731** .742** .852**

1

0.451

0.39 .907** .874** .819**

.775**

0.451

1

.973**

0.297

0.209

0.088

0.005

0.39 .973**

1

0.258

0.198

0.066

-0.005

A

.676* .698**

B

.659*

.676*

A

.654*

.637* .901** .918**

B

0.39

.995**

0-3 mile outside A

.802** .857**

.626*

.593*

0.505

outside B

.703** .769**

.555*

0.516

0.423

0.242 .731** .758** .775** .907**

0.297

0.258

1

.945** .879**

.841**

.582*

.599*

.654* .874**

0.209

0.198 .945**

1 .973**

.962**

-0.011

0.44

Q.456

.555* .819**

0.088

0.066 .879** .973**

-0.088

0.379

0.396

0.495 .775**

0.005

3-6 mile outside A

0.17

outside B

0.022

0.11

6-9 mile outside A

-0.082

outside B

-0.17

1

.984**

-0.005 .841** .962** .984**

1

** Correlation is significant at the .01 level (2-tailed); * Correlation is significant at the .05 level (2-tailed).

°'
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The relationship between land category ranks for land outside of
transportation corridors increased when comparing the outside corridors of the middle
and outer zones. The coefficient changed from 0.791 (1978) to 0.879 (1996) for land
outside of Corridor A and from 0.896 (1978) to 0.962 (1996) for land area outside
Corridor B.
In 1996, the correlation coefficients of the land cover category ranks for the
transportation corridors compared to land beyond the corridors are similar for 1978
and 1996. This pattern includes a high correlation of the inner zone transportation
corridors with inner zone land cover outside of the corridors. There is also a high
correlation between middle zone transportation corridors and the middle and outer
zone areas outside of the corridors. Finally, there is a high correlation between outer
zone transportation corridors and the inner outside of the transportation corridors
within the middle and outer rings.
Hypothesis: Accept or Reject?
Spearmen's rank correlation test confirmed that the hypothesized general
patterns of land cover change and urban sprawl can be observed using percentage
rankings of land cover categories. The correlation coefficients showed that the ranks
of land covers in the distance zones differ: the further from the center, the lower the
correlation with the inner urban zone. However, in the 18 years from the first
"snapshot" to the second, the middle and the outer zones had increasingly higher
correlation coefficients with the inner zone. This fact shows that urban land cover
type slowly spreads out into the pre-urban zone over time.
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With some exceptions, transportation corridors appeared to have mostly
similar patterns for the land cover ranks distribution within each zones. In all the
performed tests (Table 3, Table 4, and Table 5), the correlation coefficients revealed
that there is only a very slight difference of land cove_r categories ranks between
transportation Corridor A and transportation Corridor B. Consequently, the width of
corridors does not matter. However, the correlation coefficients showed different
ranks of land covers can be expected as one moves from city center to the rural areas
of the county. In 1978, land cover ranks in the transportation corridors were not
significantly correlated with the land cover within the transportation corridors of
either the middle or the outer zones. Nevertheless, the land cover ranks within the
transportation corridors of the middle zone were highly correlated with the outer
zones. In 1996, the correlation between the middle and the outer transportation
corridors became stronger as well. Based on these results, the hypothesis and two
sub-hypothesis can be accepted.

CHAPTER VII
CONCLUSION
Different patterns of development occurred from 1978 to 1996 across
locations in the study area. Residential land cover types spread into the outer reaches
of the county. Also, within residential land, the pattern has been changing. While in
the inner zone residential lands are compact, in the middle and outer zones, the land
cover type is rather dispersed and is located in close proximity to the roads. Thus, in
the 3-6 mile and 6-9 mile zones, we can also observe an increase in commercial,
industrial, developed open land and road coverage. These land covers account for
modest changes and all the changes in different land cover area are integrated (if there
is more residential land, than there will be more roads, more commercial land, etc).
Residential development had occurred due to various reasons. Among those
are: (a) rural land is more affordable for urban upper and middle class income
families; (b) lower tax rates occur further from urban areas; (c) farming is declining,
therefore, farmers are willing to sell land in both small or large parcels; (d) personal
transportation became more affordable; (e) less pollution and better natural scenery
are expected in rural areas; and (f) suburban areas offer equal or greater levels of
convenience (mail delivered daily, grocery stores near by, etc.).
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In this study, most residential development is related to the spread of single
family homes. An increase of single family housing on the fringe zone supports the
urban sprawl.
Limitations of the Study
The study employed secondary data - land cover layers already generated by
the WMU GIS Research Center. This information was compiled from aerial
photography and errors on both land cover layers may exist. These errors include
unintentional photo-interpretation errors (such as misclassified parcels), scaling error,
and minor aggregation error.
First of all, different contractors were hired by counties to create the 1978 land
cover information, and each of them used different procedures and techniques. Land
cover information for a single county as Kalamazoo was rather professionally done
according to the technology and standards of the 1980's. Nevertheless, the 1978 land
cover information was not checked for accuracy. In addition, the contractor was not a
local person, and had no local knowledge of the region. Therefore, it is not surprising
that various misclassifications had occurred. For instance, Wings Stadium was
classified as 'industrial' land cover type while it should have been classified as
'recreational' land cover type. Nonetheless, such small misclassifications have little
impact in this study of broad patterns of change.
A bigger problem with 1978 land cover information is that many analysts
have found that the information on the wetlands was underestimated while the forest
land cover information was overestimated. This has occurred as the land cover
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information was derived from the aerial photography that was taken in mid-summer.
At that time, only the tree canopy was visible and evidence or hints to the wetland
land cover were obscure. Another issue with 1978 coverage is that certain land cover
types such as 'permanent pasture, 'herbaceous open land' or 'shrubland' are cover
types which can be easily confused.
The 1996 land cover information was developed by the WMU GIS Research
center. The quality of this information was much better; estimation and classification
errors were significantly lower as all the work was done 'on screen'. However, some
minor 'operator errors' or unintentional and undiscovered errors may exist.
Another limitation of the study is that parcel maps cannot be used for
comparison as such maps are not available for either of the studied years. Parcel
information could be very useful in conducting statistical analysis, but it would not
influence the general pattern of land cover change.
Future Studies
Results of this study open doors to continue time-dependent research on urban
sprawl in Kalamazoo region and in other places as well. These results can be used to
develop new research to study factors that influence urban sprawl and what factors
are more significant in influencing sprawl in Kalamazoo. Among those that can be
tested include assessments of tax boundaries and other boundary jurisdictions to
research the dependency of urban sprawl on these forces. Another approach that can
be used is to survey people who just sold or bought land that was classified as
agricultural and their reasons for doing so.

APPENDIX
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Table 6. 1978 Land Cover Areas in Kalamazoo Region

Mobile Home Park

Communications
Utilities

Northern Hardwood
Central Hardwood
Aspen/white birch

882.3
21,013.1
389.3

0.4%
10.0%
0.2%

72.4
796.4
44.0
520.8

0.4%
0.0%
0.4%
0.0%
0.2%

4.9
37,550.4
1,655.4

0.0%
17.9%
0.8%
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Table 6 - Continued
Land Cover T e
Lowland Hardwood
Other u land conifer
Lowland conifer

Area, acres
2,676.4
3,096.7
255.1

Percenta e of total
1.3%
1.5%
0.1%

Forested
Shrub/scrub wetland
A uatic bed wetland

123.2
5,296.1
542.3
769.4

0.1%
2.5%
0.3%
0.4%
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Table 7. 1996 Land Cover Areas in Kalamazoo Region
Percentage of total

23.93
1350.81
35032.40

Water Trans ort
Road Trans ort
Communications
Utilities

Orchards
Confined Feeding
Permanent asture
Other I Farmsteads

■;IIBlll!
IJl�111�tllll�I
0.0%
0.6%
16.7%
0.3%

893.05
77.98
625.07
36.98
358.67

0.0%
0.3%
0.0%
0.2%

1990.47
127.15
2587.05
879.39

0.9%
0.1%
1.2%
0.4%
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Table 7 - Continued
Land Cover T e
Coniferous
Christmas Tree
Mixed Forest

Area, acres
Percenta e of total
4805.68
2.3%
77.41
0.0%
14192.54
6.8%

Reservoirs
Flats
Beach, Riverbank

1019.10
93.03
10.28

2.6%
0.5%
0.0%
0.0%

A uatic bed wetland
Emergent wetland

6881.03
5411.65
1025.47
4127.17

3.3%
2.6%
0.5%
2.0%
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Table 8. 1978 Ranks of Percentage of Land Covers From the Total Land Cover in
Study Area
Land Cover Type
Agriculture
Forested
Non-Forested
Residential
Roads
Wetland
Lakes & Rivers
Transportation
Open Land
Institutional
Commercial
Industrial
Extractive

Area, acres
75,434.9
45,238.9
29,992.8
22,287.7
9,655.9
6,731.0
6,674.8
3,196.5
2,671.3
2,473.7
2,208.9
2,159.9
985.0

Percent of total LC
36.0%
21.6%
14.3%
10.6%
4.6%
3.2%
3.2%
1.5%
1.3%
1.2%
1.1%
1.0%
0.5%

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13

Table 9. 1996 Ranks of Percentage of Land Covers From the Total Land Cover in
Study Area
Land Cover Type
Agriculture
Residential
Forested
Non-Forested
Wetland
Roads
Lakes & Rivers
Industrial
Open Land
Commercial
Institutional
Transportation
Extractive

Area, acres
53,118.9
37,027.5
34,592.7
33,622.6
17,445.3
12,255.4
6,796.9
3,370.5
3,311.8
2,694.8
2,678.7
1,884.6
908.6

Percent of total LC
25.3%
17.7%
16.5%
16.0%
8.3%
5.8%
3.2%
1.6%
1.6%
1.3%
1.3%
0.9%
0.4%

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
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Table 10. 1978 Kalamazoo Region Land Cover by Acreage Within Proximity Zone
from the Center
Land Cover T

e

0-3 mile

lllflll.JB9Jttlll■ iartllllJ
Multi-family high rise
Multi-family low rise
Single family/ duplex
Mobile Home Park

Communications
Utilities

299.9
6,038.4
105.0

3.0
459.4
7,394.1
223.6

375.7

616.8
252.9

60.6
8.2
228.3

448.3
35.7
134.4

96.8
6,091.5
52.7

162.5
189.3
61.0
233.2
150.8

3.0
856.1
19,524.0
381.3

779.4
817.9
61.0
742.2
44.0
513.5
2,252.3
235.3

429.8

Northern Hardwood

1■18111!11
2,893.8
3,998.0
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Table 10 - Continued
6-9 mile
0-3 mile
3-6 mile
1,829.2
8,594.4
18,127.2
173.9
34.1
813.5
1,423.6
144.9
18.8
409.7
16.1
1,983.5
207.3

Total
28,550.7
1,021.6
1,587.3
2,409.3
207.3

---

97.0
3,543.0
346.5
277.6

Land Cover T e
Central Hardwood
As en/white birch
Lowland Hardwood
Other upland conifer
Lowland conifer

Forested
Shrub/scrub wetland
Aquatic bed wetland
Erner ent wetland
' total non-developed

--

102.1
6.0

894.7
102.0

432.0, .. 2,142.0: .

97.0
2,546.1
238.5

6,577.0

"· �BRJmm�
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Table 11. 1996 Kalamazoo Region Land Cover by Acreage Within Proximity Zone
from the Center
3-6 mi

321.9
5,911.8
134.8

6-9 mi

Total

215.8
13,709.0
129.1

lllll.811111&1�1,n;%1Rt�I ava:1111
Primary / CBD
Shopping Center I Mall
Secondar / Stri Mall

.........,....

County roads
Highway roads

Confined Feeding
Permanent pasture
Other I Farmsteads
14,090.5
12,177.9

�11111•a111111111111aw1�1111 �1111111 a11•11;:" i;','::/111.11s1tt

Deciduous

2,230.5

4,110.6

6,536.1

12,877.2
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Table 11 - Continued
Land Cover T e
Coniferous
Christmas Tree
Mixed Forest
Streams and Waterways
Lakes
Reservoirs
Flats
Beach, Riverbank
Forested
Shrub/scrub wetland
Aquatic bed wetland
Emergent wetland
· · total non-developed
;

0-3 mi
25.5
18.1

3-6 mi
817.l
14.5
2,428.2

6-9 mi
2,917.2
24.8
7,885.4

Total
3,759.8
39.3
10,331.7

91.9
97.2
74.1
8.4

120.9
512.8
505.0
35.6

100.6
2,980.2
427.3
22.4
10.3

313.4
3,590.2
1,006.5
66.5
10.3

33.3
50.1
14.9
55.8
425.7

1,103.6
756.4
168.0
514.8
3,717.1

3,446.6
4,583.4
2,538.8
3,345.2
411.4
594.3
1,759.2
2,329.8
11,696.7 · · · 15,839.6

-·���-ImlTim
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Table 12. 1978 Land Cover Ranks Within Oto 3 Mile Zone from Kalamazoo City
Center
Land Cover Type

Residential
Roads
Forested
Non-Forested
Institutional
Industrial
Commercial
Open Land
Transportation
Agriculture
Lakes & Rivers
Extractive
Wetland

Area, acres Percent of total LC in
zone

6,443.3
2,183.1
1,898.3
1,705.5
1,253.2
1,024.9
936.8
702.0
672.9
582.7
315.1
168.6
116.9

35.8%
12.1%
10.5%
9.5%
7.0%
5.7%
5.2%
3.9%
3.7%
3.2%
1.8%
0.94%
0.65%

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13

Table 13. 1996 Land Cover Ranks Within Oto 3 Mile Zone from Kalamazoo City
Center
Land Cover Type

Residential
Roads
Forested
Institutional
Non-Forested
Industrial
Commercial
Open Land
Agriculture
Lakes & Rivers
Transportation
Extractive
Wetland

Area, acres

6,368.5
2,715.9
2,274.1
1,260.7
1,081.8
1,061.5
1,033.2
740.1
595.1
271.6
235.1
211.7
154.1

Percent of total LC

35.4%
15.1%
12.6%
7.0%
6.0%
5.9%
5.7%
4.1%
3.3%
1.5%
1.3%
1.2%
0.9%

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
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Table 14. 1978 Land Cover Ranks Within 3 to 6 Mile Zone from Kalamazoo City
Center
Land Cover Type· Area, acres
Agriculture
16922.9
Non-Forested
9439.9
Forested
9325.9
Residential
8080.1
Roads
3080.5
Transportation
1488.2
Lakes & Rivers
1087.2
Wetland
1054.8
Industrial
947.9
Commercial
811.6
Institutional
789.8
Open Land
644.9
Extractive
336.5

Percent of total LC
31.3%
17.5%
17.3%
15.0%
5.7%
2.8%
2.0%
2.0%
1.8%
1.5%
1.5%
1.2%
0.6%

Rank
1
2
3
4
5
6
7
8
9
1.0
11
12
13

Table 15. 1996 Land Cover Ranks Within 3 to 6 Mile Zone from Kalamazoo City
Center
Land Cover Type Area, acres
Agriculture
11570.49
Residential
11492.22
Non-Forested
9491.57
Forested
7370.43
Roads
4017.62
Wetland
2542.81
Industrial
1686.74
Transportation
1204.95
Lakes & Rivers
1174.32
Commercial
1159.53
Open Land
1140.20
Institutional
806.95
Extractive
352.08

Percent of total LC
21.4%
21.3%
17.6%
13.6%
7.4%
4.7%
3.1%
2.2%
2.2%
2.1%
2.1%
1.5%
0.7%

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
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Table 16. 1978 Land Cover Ranks Within 6 to 9 Mile Zone from Kalamazoo City
Center
Land Cover Type

Agriculture
Forested
Non-Forested
Residential
Lakes & Rivers
Wetland
Roads
Open Land
Transportation
Extractive
Institutional
Commercial
Industrial

Area, acres

34,340.1
22,556.9
13,799.7
6,241.0
3,484.7
3,092.4
3,071.3
1,140.7
796.9
430.2
376.0
358.3
176.2

Percent of total LC Rank

1
2
3
4
5
6
7
8
9
10
11
12
13

38.2%
25.1%
15.4%
6.9%
3.9%
3.4%
3.4%
1.3%
0.9%
0.5%
0.4%
0.4%
0.2%

Table 17. 1996 Land Cover Ranks Within 6 to 9 Mile Zone from Kalamazoo City
Center
Land Cover Type Area, acres Percent of total LC

Agriculture
Forested
Non-Forested
Residential
Wetland
Roads
Lakes & Rivers
Open Land
Transportation
Institutional
Industrial
Commercial
Extractive

23,766.1
17,363.5
15,695.0
14,053.9
8,155.9
3,722.2
3,540.9
1,248.2
553.5
519.0
491.3
437.5
317.3

26.4%
19.3%
17.5%
· 15.6%
9.1%
4.1%
3.9%
1.4%
0.6%
0.6%
0.5%
0.5%
0.4%

Rank

1
2
3
4
5
6
7
8
9
10
11
12
13
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Table 18. 1978 Land Cover in Transportation Corridors and in Relation from the
Kalamazoo City Center
half
mile
1/8

Distance from the
Roads

Multi-family low rise
Single family/ duplex
Mobile Home Park

111111��,--•1

one mile
1/4

6- 9 mile

3- 6 mile

0- 3 mile

Zone from the
Kalamazoo Center
Limited Access
Interchange Distance

half
mile
1/8

one mile
1/4

half
mile
1/8

one mile
1/4

total
half
mile
1/8

one mile
1/4

3.0
3.0
44.5
81.2 276.4 638.7
153.2 352.1
78.8 205.4
1,799.8 3,471.1 3,484.5 5,378.6 3,984.9 5,025.2 9,269.1 13,874.9
27.1 151.8
10.3
30.6
70.0 259.9
32.7
77.5

11

Primary/ CBD

Rail transport
Water transport
Road transport
Communications
Utilities

Cropland
Orchards
Confined feeding
Permanent pasture

112.4

214.0

47.8

32.4

45.4
8.2
78.8

212.4
12.9
4.7

27.0

154.7
20.8
6.0

286.7
31.2
31.4

35.0
79.9
13.8
134.2

87.1
109.4
35.1
203.2

28.5

47.0

225.5
240.1
13.8
379.0
12.9
60.2

571.5
451.8
35.1
535.3
39.4
157.2

397.7 3,703.7 8,101.7 6,825.2 14,427.2 10,683.6 22,926.6
62.9
56.9
140.8 286.4 637.4
364.0 841.1
16.2
24.8
16.2
24.8
9.0 188.9
350.7 706.0 1,529.0 900.9 1,888.6
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Table 18 - Continued
Zone from the
Kalamazoo Center
Limited Access
Interchange Distance
Distance from the
Roads
Herbaceous Openland
Shrubland

0- 3 mile

3- 6 mile
half mile

total

6- 9 mile

1/8

one
mile
1/4

200.7
391.7

408.6 696.1 1,703.3 635.5 1,461.2 1,532.2 3,573.1
823.7 1,537.6 3,827.9 2,350.1 5,455.1 4,279.3 10,106.8

half mile

1/8

one
mile
1/4

half mile
1/8

one
mile
1/4

half mile
1/8

one
mile
1/4

Northern Hardwood
Central hardwood
Aspen/white birch
Lowland Hardwood
Other upland conifer

573.7 1,106.0 1,308.2 3,453.5
6.2
27.0
30.4
52.5
2.3
7.0
10.0
26.7
2.3
38.9 110.9

Lowland conifer

Waterways
Lakes
Reservoirs

28.7

77.0

18.4

22.1
3.2

69.1
23.2

53.0

167.1

181.5
324.7
9.6

4,646.9 11,172.6
142.4 285.0
463.4 193.7 497.1
851.9 363.6 965.2
22.5
9.6
22.5

113.2
32.3

525.2
114.7

Forested
Shrub/scrub wetland
Aquatic bed wetland

18.8
0.1

28.6
3.6

Emergent wetland

, total, non-�eveloped

72.9

201.6

152.0
13.6
3.9
240.9

363.9
50.6
10.1

622.2

474.3
19.7
6.9
55.4
678.8 1,882.�,

188.2
35.5

761.4
137.9

12.3
21.2
645.0 1,458.6
33.4 110.0
10.8
65.5
840.5 2,705.9

-DBJIJ[Dml1���!imli��
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Table 19. 1996 Land Cover in Transportation Corridorsand in Relation to the
Kalamazoo City Center
Zone from the
Kalamazoo Center
Transportation Corridor

1ma11•1t111
Multi-family high rise

Multi-family low rise
Single family/ duplex
Mobile Home Park

0- 3 mile
A

B

3- 6 mile
A

Communications
Utilities

Orchards
Confined Feeding
Permanent pasture
Other I Farmsteads

A

B

total
A

B

21.3
7.3
7.3
21.3
563.6
85.9 231.3
236.2
90.0 180.0 412.1 974.9
1,817.3 3,378.5 4,749.8 7,590.5 7,916.5 11,410.6 14,483.5 22,379.6
64.9
70.9 217.0
96.8
35.3
171.1
98.5
412.2

148.7

Water Transport
Road Transport

B

6- 9 mile

111.1
1.7
12.l
12.3

21.9
4.3
6.9

215.3
1.7
12.8
7.2
49.6

63.3
4.3
19.5

162.0
12.3
13.5

31.4
99.6

305.4
731.1

2.3
214.6
27.3
64.1

15.0
222.0

378.1
191.8
29.3
288.2 1,340.1 1,753.4

81.7
2.8
121.7

115.0
5.7
182.9

5.8

15.8

185.3
240.5
4.6
295.8
12.3
31.6

523.9
456.2
9.7
410.4
34 .5
129.5

3,938.4 9,250.5 5,876.7 14,043 .9
141.4 366.5 388.1 832.2
29.5
44.2
34.0
54.l
225.4
556.0
263.8
707 .3
302.3
335.5 533 .0
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Table 19 - Continued
Zone from the
Kalamazoo Center
Transportation Corridor
Herbaceous Openland
Shrubland

0- 3 mile
A
151.5
206.5

3- 6 mile

6- 9 mile

B
A
B
A
308.5 1,211.6 2,931.4 1,514.5
472.0 994.4 2,432.8 1,026.4

B

U.lllfl&.�111111 a,;tlflll
Jl lr!i" J lBIJ(I� ... 1at Blt1111
Deciduous

Coniferous
Christmas Tree
Mixed Forest

Waterways
Lakes
Reservoirs
Flats
Beach, Riverbank

Shrub/scrub wetland
Aquatic bed wetland
Emergent wetland

: total non-developed

608.4 1,344.9
2.9
10.0
10.1

17.7

14.9
3.8
3.1

52.5
23.2
7.5

14.8
11.9
6.8
14.3
89.9

24.6
20.8
14.9
23.0
224.3

644.2 1,617.6
101.2
313.4
4.4
0.3
225.1 881.2

57.8
27.1
3.1

186.6
47.6
12.7

total

A

B

2,877.6 7,074.2
2,227.3 5,637.6

928.7
2,181.3 5,352.4
352.4
456.4 1,299.3
2.1
7.2
11.5
2.4
883.2 2,559.6 1,118.4 3,458.5

143.8
32.9
1.2

593.4
105.7

82.3
202.9
928.7
82.6
30.8
55.3 148.7
68.2 198.9 273.7 651.2
407.9 1,072.7 1,254.7 3,339.1

52.9

120.5

216.4
63.8
7.4
2.3

832.6
176.5
25.7
6.6

465.1 1,202.5
495.5 1,152.3
92.9 246.3
356.1 873.0
1,752�4 4,636.0

��[Dl�[mlE�fE����
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Table 20. 1978 Ranks of Land Cover Within Transportation Corridors and 3-Mile
Zone from the Kalamazoo City Center
Land Cover
Type
Residential
Roads
Commercial
Non-Forested
Forested
Institutional
Industrial
Open Land
Agriculture
Transportation
Lakes & Rivers
Extractive
Wetland

Corridor A
Area, Percent of Rank Land Cover
Type
total LC
acres
1
Residential
1,911.2 31.2%
Roads
2
1,077.1 17.6%
Non-Forested
3
639.8 10.5%
Forested
4
9.7%
592.3
5
Commercial
582.2 9.5%
Institutional
6
408.7 6.7%
Industrial
7
264.8 4.3%
Agriculture
3.1%
8
190.5
Open Land
3.0%
9
181.5
10 Transportation
171.7
2.8%
0.9%
11 Lakes & Rivers
54.0
12 Extractive
28.0
0.5%
13 Wetland
0.3%
18.9

CorridorB
Area, Percent of Rank
acres
total LC
3,754.0 33.1%
1
2
1,504.5 13.3%
3
1,232.4 10.9%
1,142.3 10.1%
4
5
834.1
7.4%
6
7.0%
792.9
5.0%
564.7
7
8
4.1%
469.6
382.6
9
3.4%
3.1%
10
346.4
11
1.5%
169.4
12
1.0%
109.6
32.2
0.3%
13

Table 21. 1996 Ranks of Land Cover Within Transportation Corridors and 3-Mile
Zone from the Kalamazoo City Center
Land Cover
Type
Residential
Roads
Commercial
Forested
Institutional
Non-Forested
Industrial
Open Land
Agriculture
Transportation
Wetland
Extractive
Lakes & Rivers

Corridor A
Area, Percent of Rank Land Cover
Tvoe
total LC
acres
Residential
1
31.7%
1,938.5
Roads
2
18.7%
1,146.2
Forested
3
11.3%
689.6
621.3
426.5
358.0
293.6
206.0
171.0
137.3
47.9
42.6
42.0

10.2%
7.0%
5.8%
4.8%
3.4%
2.8%
2.2%
0.8%
0.7%
0.7%

4
5
6
7
8
9
10
11
12
13

Commercial
Institutional
Non-Forested
Industrial
Agriculture
Open Land
Transportation
Lakes & Rivers
Extractive
Wetland

CorridorB
Area, Percent of Rank
acres
total LC
3,706.5
32.7%
1
1,620.8
14.3%
2
3
1,372.6
12.1%
909.2
821.1
780.5
615.7
450.8
408.5
286.7
141.0
138.0
83.2

8.0%
7.2%
6.9%
5.4%
4.0%
3.6%
2.5%
1.2%
1.2%
0.7%

4
5
6
7
8
9
10
11
12
13
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Table 22. 1978 Ranks of Land Cover Within Transportation Corridors and 6-Mile
Zone from the Kalamazoo City Center
Land Cover
Type
Agriculture
Residential
Non-Forested
Roads
Forested
Commercial
Industrial
Transportation
Institutional
Open Land
Wetland
Lakes & Rivers
Extractive

Corridor A
Area, Percent of Rank Land Cover
Type
total LC
acres
Agriculture
25.4% 1
3,949.5
Residential
23.6%
2
3,667.7
Non-Forested
14.4%
3
2,233.7
4
Forested
12.7%
1,981.9
8.9%
Roads
5
1,387.4
Transportation
3.4%
6
536.3
Commercial
7
3.0%
470.9
8
Industrial
468.3
3.0%
1.9%
Institutional
9
294.9
1.7% 10 Open Land
261.9
169.5
1.1% 11 Wetland
0.5% 12 Lakes & Rivers
71.4
0.4% 13 Extractive
58.4

Corridor B
Area, Percent of Rank
total LC
acres
1
8,593.2
28.2%
2
5,885.4
19.3%
18.1%
3
5,531.2
11.9%
4
3,643.7
5
2,468.6
8.1%
6
962.2
3.2%
2.6%
7
786.9
8
767.4
2.5%
2.0%
601.8
9
447.2
1.5% 10
1.4% 11
424.6
0.6% 12
197.5
183.4
0.6% 13

Table 23. 1996 Ranks of Land Cover Within Transportation Corridors and 6-Mile
Zone from the Kalamazoo City Center
Land Cover Type
Residential
Non-Forested
Agriculture
Roads
Forested
Industrial
Commercial
Transportation
Open Land
Wetland
Institutional
Lakes & Rivers
Extractive

Corridor A
Area, Percent of Rank Land Cover Type
acres
total LC
Residential
32.6%
1
5,064.1
2
Non-Forested
2,205.9
14.2%
Agriculture
14.1%
2,190.1
3
4
Roads
13.9%
2,165.4
5
Forested
970.8
6.2%
Industrial
4.9%
6
766.5
Commercial
723.4
7
4.7%
2.7%
Transportation
8
417.9
2.1%
Wetland
9
332.2
304.2
2.0% 10 Open Land
280.5
1.8% 11 Institutional
0.7% 12 Lakes & Rivers
103.6
27.0
0.2% 13 Extractive

Corridor B
Area, Percent of Rank
acres
total LC
27.5% 1
8,392.3
2
5,364.2
17.6%
17.1%
5,200.2
3
2,906.3
2,816.6
1,330.4
1,059.3
950.0
801.6
644.9
607.9
271.1
148.3

9.5%
9.2%
4.4%
3.5%
3.1%
2.6%
2.1%
2.0%
0.9%
0.5%

4
5
6
7
8
9
10
11
12
13
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Table 24. 1978 Ranks of Land Cover Within Transportation Corridors and 9-Mile
Zone from the Kalamazoo City Center
Land Cover
Type
Agriculture
Residential
Forested
Non-Forested
Roads
Wetland
Transportation
Open Land
Commercial
Lakes & Rivers
Institutional
Industrial
Extractive

Corridor A
Area, Percent of Rank Land Cover
Type
total LC
acres
1
Agriculture
34.7%
7,833.8
Forested
17.9%
2
4,039.6
Non-Forested
3
15.0%
3,388.5
Residential
13.2%
4
2,985.6
Roads
5
2,572.7
11.4%
Wetland
2.3%
6
513.1
Lakes & Rivers
7
1.3%
291.5
Open Land
8
1.2%
270.6
Transportation
1.1%
254.2
9
0.7% 10 Institutional
165.6
0.7% 11 Commercial
159.9
0.4% 12 Industrial
93.9
0.0% 13 Extractive
7.7

Corridor B
Area, Percent of Rank
acres
total LC
16,618.4
38.2%
1
8,158.2
18.8%
2
6,916.3
15.9%
3
5,137.1
11.8%
4
2,801.3
6.4%
5
1,198.4
2.8%
6
7
683.8
1.6%
630.3
1.5%
8
1.1%
481.8
9
327.2
0.8% 10
326.7
0.8% 11
142.5
0.3% 12
31.6
0.1% 13

Table 25. 1996 Ranks of Land Cover Within Transportation Corridors and 9-Mile
Zone from the Kalamazoo City Center
Land Cover Type
Residential
Agriculture
Roads
Non-Forested
Forested
Wetland
Commercial
Industrial
Open Land
Institutional
Transportation
Lakes & Rivers
Extractive

Corridor B
Corridor A
Area, Percent of Rank Land Cover Type Area, Percent of Rank
acres
total LC
total LC
acres
Residential
35.8%
1
11,689.1
8,071.4
26.9%
1
Agriculture
20.1%
2
4,537.0
10,519.5
2
24.2%
12.2%
3
Non-Forested
6,567.1
15.1%
2,754.9
3
Forested
11.3%
4
2,540.9
13.7%
5,932.6
4
Roads
9.6%
5
7.4%
2,166.4
3,197.0
5
Wetland
4.7%
1,057.6
6
2,589.3
6.0%
6
7
Lakes
&
Rivers
1.4%
305.7
749.8
7
1.7%
1.1%
Open Land
253.8
8
617.4
1.4%
8
1.1%
Institutional
242.2
9
439. l
1.0%
9
1.0% 10 Industrial
229.5
404.6
0.9% 10
1.0% 11 Commercial
214.8
394.9
0.9% 11
197.1
0.9% 12 Transportation
327-.7
0.8% 12
0.0% 13 Extractive
5.5
25.4
0.1% 13

102
BIBLIOGRAPHY
ArcGIS Version 8.0. (2002). Redlands, California: Environmental Systems Research
Institute
Census Bureau 2000.(May 30, 2002 ). State and County QuickFacts. Retrieved June
5, 2002. Retrieved, from the World Wide Web
http://quickfacts.census.gov/qfd/states/26/26077.html
The American Heritage Dictionary of the English Language (2000). Houghton
Mifflin Company. Retrieved, from the World Wide Web:
http:www.bartleby.com/61/53/u 145300.html
Amrhein, C., & Griffith, A. (1996). Multiple Statistical Analysis for Geographers.
Upper Saddle River: New Jersey: Prentice Hall.
Baker, L. (2000). The Fast-Moving Fight to Stop Urban Sprawl. E Magazine, 28.
Bingham, R. (Ed.). (1997). Beyond Edge Cities. New York and London: Garland
Publishing Inc.
Bowen, W., & Kimble, D. (1997). Edge Cites in Context. In R. Bingham (Ed.),
Beyond Edge Cities. New York & London: Garland Publishing, Inc.
Branch, D. (June 1, 2002). Kalamazoo County, MI. Genealogy & Local History.
Retrieved June 10, 2002, from the World Wide Web:
http://www.rootsweb.com/-mikalama/images/ l 974map.jpg
Bullard, D., Johnson, G., & Torres, A. (2000). Sprawl City: Race, Politics, and
Planning in Atlanta. Washington, D.C.: Island Press.
Burgess, P., & Bier, T. (1998). Public policy and "Rural Sprawl": Lessons from
Northeast Ohio.Unpublished manuscript, Lincoln Institute of Land Policy.
Burt, J. E., & Barber, G. M. (1996). Elementary Statistics for Geographers (2nd ed.).
New York: The Guilford Press.
Carver, A. (1998). Optimizing Patterns of Land Use: The Application of a Multi
Criteria / Multi-Objective Model for Land Allocation in the Urban Fringe.
Purdue University.
Dempsey, D. (January, 1994). Basic Facts about Michigan Lakes and Streams.
Planning & Zoning News, 12(3), 7.

103
Dickason, D. G., Anderson, G. P., & Faul, J. M. (1995). Kalamazoo County Land
Use 1938-1978. In Michigan's Trend Future: Michigan Society of Planning
Officials.
Ding, C., & Bingham, R. (2000). Beyond edge cities: job decentralization and urban
sprawl. Urban Affairs Review, 35(6), 837-855.
Dunbar, W. (1959). Kalamazoo and how it grew. Kalamazoo, Michigan: Western
Michigan University Faculty Contributions.
Dunbar, W. (Ed.). (1965). Michigan Historical Markers. Kalamazoo: Western
Michigan University Faculty Contributions.
Dunbar, W. F. (1969). Kalamazoo and how it grew ...and grew. Kalamazoo,
Mlchigan: Faculty Contribution Western Michigan University.
Dunbar, W. F. (1970). Michigan: A History of the Wolverine State. Grand Rapids,
Michigan: William B. Eerdmans Publishing Company.
Ewing, R. (1997). Is Los Angeles Style Sprawl Desirable? Journal of American
Planning Association, 63(1).
Environmental Systems Research Institute (ESRI), Inc. 1997. Understanding GIS,
The ARC/INFO Method. Redlands, California: Environmental Systems
Research Institute.
Fodor, E. (1999). Better Not Bigger. Cabriola Island B.C. Canada and Stony Greek
Ct, U.S.A.: New Society Publishers.
Gottmann, J. (1961). Megalopolis. New York: The Twenties Century Fund.
Gottmann, J., & Harper, R. (1990). SinceMegalopolis: The Urban Writings of Jean
Gottmann. Baltimore and London: The Johns Hopkins University Press.
Great Lakes Information Network. (August 18, 2000). Urban Sprawl in the Great
Lakes Region. Retrieved October, 2001, from the World Wide Web:
http://www.great-lakes.net
Hall, P. G. (1996). Cities of Tomorrow (Updated ed.). Cambridge, Massachusetts:
Blackwell Publishers Ltd.
Henderson, D. (1997). Urbanization of Rural America. New York: Nova Science
Publishers, Inc.

104
The History of Kalamazoo MI. Retrieved December, 2001, from the World Wide
Web: http://www.kalamazoomi.com/hisf.htm
Houghton, L. S., & O'Connor, P. H. (2001 ). Kalamazoo Lost & Found. Kalamazoo,
Michigan: The Kalamazoo Historic Preservation Commission.
Knauss, J. 0. (1953). The First Fifty Years. Kalamazoo, Michigan: Western Michigan
College of Education.
Knox, P. (1995). Urban Social Geography An Introduction (3rd ed.).
Knox, P., & Agnew, J. (1994). The Geography of the World Economy (2nd ed.).
London: Edward Arnold.
Kreuter, U. P., Harris, H. G., Matlock, M. D., & Lacey, R. E. (2001). Change in
ecosystem service in the San Antonio area, Texas. Ecological Economics, 39,
333-346.
Ladd, D., & Stoneman, J. (1998). Lansing Takes Hands-Off Approach. Great Lakes
Bulletin, Summer/Fall.
Longman, P. (April 27,1998). Who pays for sprawl? Hidden subsidies fuel the growth
of the suburban fringe. U.S. News & World Report, 22-23.
Lovaas, D., & Hulsey, B. (2001). Sprawl Factsheet. Retrieved October 7, 2001, from
the World Wide Web: http://www.sierraclub.org/sprawl/factsheet.asp
Mackinac Center for Public Policy. (1998). Michigan Land Use Trends: Suburban
Growth and Rural Dominance. Retrieved April 1, 2002, from the World Wide
Web: http://www.makinac.org/print.asp?ID=727
Massie, L., & Schmitt, P. (1998). Kalamazoo. The Place Behind The Products. Sun
Valley, California: American History Press.
May, G. (1969). Pictorial History of Michigan: The Later Years. Grand Rapids,
Michigan: William B. Eerdmans Publishing Company.
Planners Commissioner Journal. (2001). How Do You Define Sprawl? Retrieved
March 5, 2002, from the World Wide Web:
http://www.plannersweb.com/sprawl/define.html
Pyrczak, F. (2002). Success at Statistics. Los Angeles, CA: Pyrczak Publishing Co.

105
Robinson, B. (1999). Curbing Urban Sprawl. Three communities struggle to balance
'livability' with growth. Retrieved August 15, 2001, from the World Wide
Web: http://www.fcw.com/print.asp
Rootsweb.Kalamazoo County, MI. County History Page 2. Retrieved April 2, 2002,
from the World Wide Web:
http://www.rootsweb.com/-mikalama/historypagetwo.htm
Rootsweb.Kalamazoo County, MI: Celery Cultivation. Retrieved April 2, 2002, from
the World Wide Web: http://www.rootsweb.com/-mikalama/celery.htm
Rusk, D. (1993). Cities Without Suburbs. Washington D.C.: Woodrow Wilson Center
Press.
Rusk, D. (1998). Acting as One. Kalamazoo Consortium for Higher Education.
Retrieved April 2, 2002, from the World Wide Web:
http://www.visioncouncil.org/html/actingas.htm
Skjaerlund, D. (February 1999). 1997 Census of Agricultural Highlights. Planning &
Zoning News, 7(14), 5-6.
Srvastava, V. K. (2000). Application of Remote Sensing and GIS Techniques in
Monitoring of Urban Sprawl in and Around Jharia Coalfield (Dhanbad).
Retrieved September 15 2001, 2001, from the World Wide Web:
http://www.gisdevelopment.net/application/urban/sprawl/urbans0002.htm
Staley, S., & The Mickinac Center for Public Policy. (2001). Urban Sprawl, Land
Markets, and Market-oriented Approaches to Growth Management in
Michigan. Retrieved March 30, 2002, from the World Wide Web:
http://www.rppi.org/05081.html
Statistical Package for the Social Science Version 10.0. (SPSS Ver. 10.0).Chicago,
Illinois: SPSS.
Stephenson, K., & Speir, C. (2002). Does Sprawl Cost Us All? Isolating the Effects of
Housing Patterns on Public Water and Sewer Cost. Journal of American
Planning Association, 68(1), 56-70.
Texas A&T University. (2001). Satellite Images Studied For Clues to Solving Urban
Sprawl. Retrieved August 15, 2001, from the World Wide Web:
http://www.sciencedaily.com/releases/2001/06/010619072847.htm
Time to look back. (1999). Kalamazoo Gazette.

106
Wyckoff, M. (1991). Hallelujah! The Dialogue on Sprawl has Began. Planning and
Zoning News, 20.
Zeiler, M. (1999). Modeling Our World. The ESRI Guide to Geodatabase Design.
Redlands, California: ESRI Press.
Zhang, T. (2000). Community features and urban sprawl: the case of the Chicago
metropolitan region. Land Use Policy, 18, 221-232.

